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GENERAL INTRODUCTION 
The management of nitrogen (N) fertilizers during corn (Zea mays L.) 
production is important for economic and environmental reasons. 
Application of too little fertilizer N results in yield reductions and 
substantial reductions in profitability because the value of grain produced 
by addition of N often greatly exceeds the cost of this N, The cost of N 
fertilizer, however, is a significant cost of corn production and, 
therefore, application of too much fertilizer N reduces profitability. 
Application of too much fertilizer N also contributes to the contamination 
of water supplies. 
The late-spring soil nitrate (NO3") test has been recently identified 
as a promising tool for improving N management during corn production in 
Iowa. This test involves sampling the surface 30-cm layer of soil when 
corn plants are 15 to 30 cm tall. There is need, however, for further 
development of this test. One need relates to correlating the test over a 
wider range of environmental conditions and to greater depths in the soil. 
Another need relates to the effects of previous corn or soybean crops on 
the reliability of the late-spring soil test. There is also need for 
exploring the merits of tissue tests based on plant samples taken in late 
spring. 
The end-of-season stalk NO3" test has been also recently identified as 
a promising tool for improving N management during corn production. This 
test involves determining the concentration of NO3" in the cornstalk 15 to 
35 cm above the soil shortly after physiological maturity. This test is 
unique in its ability to evaluate N status in the optimal-to-excess range. 
This test needs to be evaluated over a wider range of conditions and 
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additional work is needed to refine the range in concentrations considered 
optimal. 
The need for refining and demonstrating these soil and tissue tests is 
shown by mounting evidence that many corn producers are applying N 
fertilizers at rates higher than those associated with maximum profit. 
Widespread adoption of the late-spring soil test and the end-of-season 
stalk NO3" test should prompt voluntary improvements in N management by 
showing producers when it is profitable to reduce N fertilization rates. 
The objectives of the work reported in this dissertation were (i) to 
evaluate the relationships between corn yields and concentrations of NO3" 
in the surface 30 cm and 60 cm of soil, (ii) to evaluate the relationships 
between yields and concentrations of N in whole-young corn plants, (iii) to 
evaluate the relationships between yields and concentrations of NO3" in 
lower stalks at maturity, (iv) to evaluate relationships between yields and 
amounts of leaf firing during the reproductive stages of corn, and (v) to 
evaluate the distributions of in soils at the time samples are taken 
for the late-spring soil test. 
Explanation of Dissertation Format 
The alternate format was used for this dissertation. The dissertation 
is presented in five parts. Part I, "Relationships between corn grain 
yields and soil nitrate in late spring" has been accepted for publication 
in the Agronomy Journal. Part II, "Nitrogen concentration of young corn 
plants as indicator of N availability" has been accepted for publication in 
the Agronomy Journal. Part III, "Critical concentrations of nitrate in 
cornstalks at maturity" has been submitted for publication in the Agronomy 
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Journal. Part IV, "Visually rating the N status of corn" has been 
submitted for publication in the Journal of Production Agriculture. Part 
V, "Late-spring distributions of N-15 in soils of Iowa cornfields", after 
some modifications, will be submitted for publication in the Soil Science 
Society of America Journal. The five parts are preceded by a General 
Introduction and succeeded by a General Summary. 
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FART I. RELATIONSHIPS BETWEEN CORN YIELDS AND SOIL NITRATE IN LATE SPRING 
5 
INTRODUCTION 
Recent studies (Magdoff et al., 1984; Blackmer et al., 1989; Fox et 
al., 1989) have shown good correlations between com yields and 
concentrations of NO3" in the surface 30 cm of soil when corn plants are 15 
to 30 cm tall (i.e., in late spring). These correlations serve as the 
basis for N soil tests now being used in Connecticut, Iowa, Pennsylvania, 
and Vermont. These soil tests enable corn producers to adjust their N 
fertilization practices for site-specific interactions of weather, soil 
type, and management practices. Such adjustments could increase the 
profitability of corn production and decrease environmental problems 
associated with the use of N fertilizers (El-Hout and Blackmer, 1990; 
Morris and Blackmer 1989, 1990). 
It has been generally accepted that samples must be collected to 
depths greater than 30 cm for soil NO3" testing because rainfall can move 
NO3" from the surface 30-cm layer of soil to deeper portions of the rooting 
zone (Hergert, 1987). Blackmer et al. (1989) suggested that such movement 
may not be a major problem for the late-spring test because preferential 
movement of water and NO3" through soil macropores results in marked 
dispersion of NO3". Because of this dispersion, the amounts of NO3" in the 
surface 30 cm of soil in late spring are usually indicative of the amounts 
in the rooting zone. Nevertheless, it seems likely that under many 
conditions the late-spring soil test could be improved if samples were 
collected to greater depths. 
Here I report relationships between corn yields and soil NO3" 
concentrations in plots sampled to 30 and to 60 cm. The objectives are to 
provide additional correlations to the depth of 30 cm and to correlate this 
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soil test to 60 cm. Also, I provide additional evaluations concerning the 
benefit of including exchangeable ammonium in this soil test. An 
earlier study (Blackmer et al., 1989) showed no benefit from including 
exchangeable in this soil test. 
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MATERIALS AND METHODS 
This study utilized N response trials conducted at 45 site-years in 
Iowa during 1987, 1988, and 1989 (Tables 1, 2, 3, and 4). Site-years 1 to 
43 involved 10 rates of N (0, 28, 56, 84, 112, 140, 168, 224, 280, and 336 
kg/ha) applied as (^ 4)2804 in three replications, and site-years 44 and 45 
involved 7 rates of N (0, 56, 112, 168, 224, 280, and 336 kg/ha) applied as 
urea in four replications. At each of these site-years the previous crop 
was either corn or soybean. The corn-after-corn plots received the same N 
treatments every year and the corn-after-soybean plots received the same N 
treatments every-other year (N fertilizers were not applied to the soybean 
crops). The plots were 12.2 by 4.6 m (six 76-cm rows) or 12.2 by 3.9 m 
(four 97-cm rows) and were arranged in a randomized complete block design. 
Phosphorus and K were applied to all plots at 30 kg P/ha and 55 kg K/ha as 
triple superphosphate and KCl, respectively. To avoid possible responses 
to S from the (NHz;)2S04 fertilizer, CaSO^ «21120 was applied to the 0, 28, 56, 
and 84 kg N/ha treatments so that the total amount of S applied to each 
plot was at least equal to that applied with the 112 kg N/ha (NH^ )2S04 
treatment. All fertilizers were broadcast and incorporated shortly before 
planting. Planting usually occurred during the last week of April or the 
first week of May at rates of 60,000 to 72,000 seeds/ha. Grain yields were 
determined by hand harvesting 7.6-m segments of the center two rows of each 
plot. Grain yields were adjusted to 155 g/kg moisture content. Other than 
fertilizer application and grain harvest, all plots were managed by 
practices commonly used in production agriculture. 
Soil samples were collected when corn plants were 15 to 30 cm tall 
(usually during the last week of May or the first week of June). Sampling 
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Table 1. Soil descriptions at each experimental location" 
Location Series Subgroup PH N P K 
gAg -mg/kg-
Kalona Bremer Typic Argiaquoll 6.5 2.0 108 254 
Holstein Galva Typic Hapludoll 5.8 2.2 19 176 
Badger Canisteo Typic Haplaquoll 7.8 3.3 5 132 
Kensett Crippin Aquic Hapludoll 7.9 3.0 13 122 
Nashua Readlyn Aquic Hapludoll 5.8 1.6 15 114 
Wapello Titus Fluvaquentic Haplaquoll 6.3 1.9 34 178 
Marengo Nevin Aquic Argiudoll 5.6 2.1 27 180 
Ames 1 Nicollet Aquic Hapludoll 5.3 2.8 65 178 
Ames 2 Clarion Typic Hapludoll 5.3 2.1 25 108 
Ida Grove Marshall Typic Hapludoll 5.4 1.6 22 150 
Iowa City Mahaska Aquic Argiudoll 5.5 1.8 28 143 
Wyman Taintor Typic Argiaquoll 5.9 1.7 29 182 
Kanawha Webster Typic Haplaquoll 6.0 2.0 21 142 
'Soil samples were taken in late spring of 1988 from the 0- to 30-cm 
layer of soil; N-Total Kjeldahl-N; P-Bray-1 extractable; K-exchangeable K. 
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Table 2. Information describing site-years 1 to 16 
Site-
year Year 
Previous 
Location crop Hybrid" R2b 
Tillage 
performed® 
1 1987 Kalona Corn P3377 0.23 FC,FD,SD,SE,P,R 
2 1987 Kalona Soybean P3377 MF FC,SD,SV,P,R 
3 1987 Holstein Corn P3475 0.92 SH,SD,SE,SE,P,R 
4 1987 Holstein Soybean P3475 0.83 SE,SE,P,R 
5 1987 Badger Corn P3475 0.72 FH,FC,SE,SE,P,R 
6 1987 Badger Soybean P3475 0.31 SE,SE,P,R 
7 1987 Kensett . Corn P3475 0.82 FM,SD,SE,SE,P,R 
8 1987 Kensett Soybean P3475 0.61 FC,SE,SE,P,R 
9 1987 Nashua Corn P3732 0.83 SC,SE,SE,P,R,R 
10 1987 Nashua Soybean P3732 0.81 SC,SE,SE,P,R,R 
11 1987 Wapello Corn P3377 MF FM,SE,SE,P,R 
12 1987 Wapello Soybean P3377 0.48 FM,SE,SE,P,R 
13 1987 Marengo Corn G8344 0.80 SD,P 
14 1987 Ames 1 Corn P3475 0.75 FC,SD,SD,P,R 
15 1987 Ames 2 Corn P3475 0.92 FC,SD,SD,P,R 
16 1987 Ida Grove Corn P3475 0.88 SD,SD,P,R 
'P-Pioneer, G=Garst. 
value of the QRP model relating grain yield to fertilizer N 
applied, MF-raodel failed to fit data. All R^  values listed are 
statistically significant (P < 0.05). 
°F-fall, S-spring; C-chisel plow, D-disk, E-field cultivator, H-stalk 
chopper, M-moldboard plow, P-planter, R-row cultivator, V-v-ripper. 
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Table 3. Information describing site-years 17 to 31 
Site- Previous Tillage 
year Year Location crop Hybrid" R2b performed® 
17 1988 Kalona Corn P3377 MF FV,SD,SE,P,R 
18 1988 Kalona Soybean P3377 MF FV,SD,SE,P,R 
19 1988 Holstein Corn P3475 0.89 SH,SD,SE,SE,P,R 
20 1988 Holstein Soybean P3475 0.61 SE,SE,P,R 
21 1988 Badger Corn P3475 0.27 FH,FC,SE,SE,P,R,R 
22 1988 Badger Soybean P3475 MF SE,SE,P,R,R 
23 1988 Kensett Corn P3475 0.30 FM,SE,SE,P,R 
24 1988 Kensett Soybean P3475 MF FC,SE,SE,P,R 
25 1988 Nashua Corn P3732 0.65 FC,SE,SE,P,R 
26 1988 Nashua Soybean P3732 MF SE,SE,P,R 
27 1988 Wapello Corn P3377 MF FV,SE,SE,P,R 
28 1988 Wapello Soybean P3377 MF FV,SE,SE,P,R 
29 1988 Marengo Corn P3378 MF SM,SE,P 
30 1988 Iowa City Corn P3377 MF FC,SE,SE,P,R,R 
31 1988 Ida Grove Corn P3475 0.83 SD,SD,P,R 
"P-Pioneer, 
value of the QRP model relating grain yield to fertilizer N 
applied. MF-model failed to fit data. All R^  values listed are 
statistically significant (P < 0.05). 
®F-fall, S-spring: C-chisel plow, D-disk, E-field cultivator, H-stalk 
chopper, M-moldboard plow, P-planter, R-row cultivator, V-v-ripper. 
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Table 4. Information describing site-years 32 to 45 
Site-
year Year 
Previous 
Location crop Hybrid" R2b 
Tillage 
performed® 
32 1989 Kalona Corn P3379 0.58 FV,FD,SD,SE,P,R 
33 1989 Kalona Soybean P3379 0.24 FV,FD,SD,SE,P,R 
34 1989 Holstein Corn P3475 0.91 SH,SD,SE,SE,P,R,R 
35 1989 Holstein Soybean P3475 0.33 SE,SE,P,R,R 
36 1989 Badger Corn P3475 0.90 FH,FV,SE,SE,P,R,R 
37 1989 Badger Soybean P3475 0.67 SD,SE,P,R,R 
38 1989 Kensett Corn P3475 0.95 FM,SE,SE,P,R 
39 1989 Kensett Soybean P3475 0.85 FV,SE,SE,P,R 
40 1989 Nashua Corn P3732 MF FC,SE,SE,P,R 
41 1989 Nashua Soybean P3732 0.46 SE,SE,P,R 
42 1989 Wapello Corn P3377 MF FM,SE,SE,P,R 
43 1989 Wapello Soybean P3377 MF FM,SE,SE,P,R 
44 1989 Wyman Corn P3379 MF FD,SE,SE,P,R,R 
45 1989 Kanawha Corn P3475 0.70 FM,SE,P,R 
"P-Pioneer. 
value of the QRP model relating grain yield to fertilizer N 
applied. MF-model failed to fit data. All values listed are 
statistically significant (P < 0.05). 
°F-fall, S~spring: C-chisel plow, D=disk, E-field cultivator, H-stalk 
chopper, M=raoldboard plow, P-planter, R-row cultivator, V-v-ripper. 
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was done by randomly collecting eight 3.2-cm diam. cores from the 0- to 30-
cm and the 30- to 60-cm layers of soil in each plot and then compositing 
each set of eight cores. Soil samples taken in 1987 and 1988 were air-
dried in a greenhouse, and samples taken in 1989 were dried in a forced-air 
oven at 49°C. After drying, the samples were ground to pass a 2-mm sieve, 
extracted with 2 M KCl using a 5:1 solution/soil ratio, filtered through 
Whatman no, 5 paper, and analyzed for exchangeable NH4'*'-N and NO^ '-N by 
using either a MgO-Devarda alloy steam distillation procedure (Keeney and 
Nelson, 1982) or a Lachat flow-injection procedure (Lachat Instruments, 
Milwaukee, WI; Methods 12-107-06-2-A and 12-107-04-1-B). 
Linear-response-and-plateau (LRP) and quadratic-response-and-plateau 
(QRP) models were fit by using the NLIN procedure (Ihnen and Goodnight, 
1985). Linear-response-and-plateau models were used to describe the 
relationships between grain yields and concentrations of N as NO3" (or NO3" 
+ NH^ "*") in soils. The soil NO3" (or NO3" + NH^ "*") concentration at the 
intersection of the two lines of the LRP model defines the critical 
concentration (Waugh et al., 1973). Quadratic-response-and-plateau models 
were used to describe the relationship between grain yields and fertilizer 
N applied (Cerrato and Blackmer, 1990). Site-years were considered 
nonresponsive to fertilizer N if the QRP model could not significantly (P < 
0.05) describe the relationship of grain yields to fertilizer N applied. 
In this paper, the term "relative yield" denotes yield expressed as a 
percentage of the plateau yield from the QRP model relating yield to 
fertilizer N applied within each site-year. If the QRP model could not 
significantly (P < 0.05) describe the relationship between yield and 
fertilizer N, then relative yield denotes yield expressed as a percentage 
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of the mean of the four highest-yielding N-treatment means within a site-
year. 
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RESULTS AND DISCUSSION 
The design of this study involved use of plots having differences in 
NO3" concentrations created by crop rotations, by N fertilizers applied for 
existing corn crops, and by N fertilizers applied for previous corn crops. 
I reasoned that the NO3" concentrations identified as being optimal in 
these studies should approximate the concentrations that would be optimal 
if the soil test were used to guide fertilizer applications on successive 
years at the same locations. 
Rainfall amounts were often below average between fertilizer 
application and soil sampling at most site-years (Table 5). In 1987 
rainfall after sampling was adequate for high yields at most sites. In 
1988 lack of rainfall throughout the season caused severe yield reductions 
at most sites. In 1989 timely rainfalls and cool weather enabled normal 
yields despite less-than-average rainfall at most sites. Figure 1 shows 
the yields observed at each site-year. 
Tables 6 and 7 show within-site-year models relating yields to 
concentrations of N as NO3" and as NO3" + in the 0- to 30-cm and in the 
0- to 60-cm layers of soil. Comparisons of R^  values for these 
relationships indicate no benefit of sampling to 60 cm instead of to 30 cm 
only. 
Tables 8 and 9 show pooled-site-year models relating relative yields 
to concentrations of N as NO3" and as NO3" + in the 0- to 30-cm and in 
the 0- to 60-cm layers of soil. Such models are important because the 
existence of good relationships within site-years does not necessarily 
indicate that good relationships can be established across a variety of 
site-years. Of course, a reliable soil test must be based on relationships 
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Table 5. Rainfall data for each site-year from April through 
September 
Deviation from long-term mean rainfall 
Site- : 
year Rainfall® April May June July Aug Sept 
mm 
1.2 593 -5 +79 -25 -61 +25 -5 
3.4 589 -34 -11 -102 +166 +34 -12 
5,6 451 -22 -18 -87 +56 -7 -39 
7.8 387 -44 -58 -71 +32 -10 -46 
9.10 504 -49 -35 -58 +7 +78 -49 
11,12 403 -60 -63 -48 -61 +65 -32 
13 519 -64 -35 -39 -11 +109 -69 
14,15 718 -31 -19 -53 +34 +221 -29 
16 635 -29 +59 -80 +117 +41 -29 
17.18 312 -70 -70 -98 -84 +95 -47 
19,20 511 -17 -60 -31 -26 +36 +61 
21,22 481 +2 -50 -70 -44 +6 +39 
23,24 444 +17 -76 - 88 -46 -6 +58 
25,26 365 -16 - 84 -75 -27 -23 -32 
27,28 305 -64 -59 -68 -63 +11 -55 
29 307 
CM O
O
 
-74 - 88 -69 -32 +25 
30 354 -30 -62 -75 -101 +61 -63 
31 606 -15 -43 -29 +55 +7 +74 
32.33 719 -22 -15 +33 -5 +4 +139 
34,35 376 -36 -58 -62 -29 -39 +53 
36,37 564 +4 - 8 -15 +16 -71 +40 
38,39 400 -9 -62 -82 +7 -29 -11 
40,41 345 -11 -44 -72 -44 -46 -59 
42,43 585 +5 -49 -7 -79 -10 +123 
44 591 -7 -43 -33 -42 +57 +72 
45 348 -5 -52 -54 -41 -44 -14 
"Total rainfall from April through September. 
Figure 1. Relationship between grain yields and concentrations of NO3' in 
the surface 30 cm of soil at each site-year 
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Table 6. Parameters for within-site-year models relating grain yields to 
concentrations of NO3" in the 0- to 30-cm and 0- to 60-cm layers 
of soil. Models were not significant (P < 0.05) at the 12 site-
years not shown 
LRP models for NO^ " to 30 cm or to 60 cm 
Site-
year 
Intercept Slope C, ,C." Plateau R2 
0-30 0-60 0 •30 0-60 0-30 0-60 0-30 0-60 0-30 0-60 
Mg/ha mg N/kg Mg/ha 
1 3.19 2.89 0, .24 0.34 22 17 8.5 8.5 0.55 0.54 
3 2.17 2.10 0, ,31 0.41 24 20 9.7 10.2 0.85 0.86 
4 4.76 4.99 0, ,23 0.27 24 20 10.4 10.4 0.72 0.67 
5 5.78 4.45 0, ,12 0.29 40 20 10.6 10.3 0.64 0.58 
6 8.63 8.62 0.07 0.10 32 24 11.0 11.0 0.24 0.20 
7 3.85 3.30 0, ,21 0.34 37 25 11.8 11.8 0.72 0.72 
8 -1.10 4.95 0, ,68 0.32 17 19 10.5 11.0 0.58 0.58 
9 3.09 -3.26 0, ,23 0.87 25 13 8.8 8.5 0.67 0.63 
10 4.45 4.81 0, ,19 0.22 30 25 10.1 10.2 0.72 0.70 
12 3.95 3.49 0, ,26 0.37 22 18 9.7 10.1 0.42 0.52 
13 1.22 0.94 0, ,34 0.47 21 16 8.5 8.5 0.75 0.69 
14 1.39 1.21 0. ,36 0.45 23 19 9.6 9.9 0.55 0.55 
15 -0.42 -2.01 0, ,55 0.86 18 13 9.6 9.4 0.66 0.66 
16 1.81 1.22 0.46 0.68 16 12 9.2 9.2 0.79 0.84 
17 -0.66 1.04 0, ,17 0.11 23 21 .3.3 3.4 0.19 0.20 
19 -1.30 -1.26 0, ,33 0.49 24 17 6.6 6.9 0.74 0.76 
20 5.97 5.40 0, ,10 0.17 32 22 9.1 9.1 0.40 0.44 
21 2.57 2.61 0, ,03 0.04 68 45 4.4 4.4 0.23 0.24 
23 0.82 2.01 0. ,22 0.18 25 24 6.1 6.5 0.24 0.23 
25 2.95 3.01 0. ,08 0.11 32 24 5.6 5.6 0.63 0.65 
29 1.53 1.15 0, ,06 0.11 37 27 3.9 4.0 0.24 0.27 
31 -0.02 -1.53 0, ,29 0.56 24 15 7.0 6.8 0.77 0.80 
32 8.23 7.85 0. ,08 0.13 37 25 11.2 11.2 0.52 0.54 
33 8.94 9.00 0, ,05 0.07 37 26 10.8 10.8 0.22 0.20 
34 0.48 0.65 0, ,40 0.50 22 18 9.4 9.5 0.88 0.89 
35 -2.73 -4.74 0, ,64 0.99 18 13 8.5 8.5 0.28 0.31 
36 2.58 2.25 0, ,27 0.41 30 21 10.9 10.9 0.93 0.94 
37 8.41 7,88 0, ,13 0.21 31 22 12.6 12.6 0.64 0.67 
38 0.01 1.54 0, ,46 0.49 25 21 11.4 11.7 0.82 0.87 
39 3.96 4.58 0, ,28 0.36 27 20 11.6 11.7 0.79 0.79 
40 4.19 3.97 0. ,07 0.10 54 37 7.8 7.6 0.78 0.74 
41 4.37 4.92 0. ,09 0.09 29 23 7.1 7.0 0.41 0.24 
45 3.74 1.91 0. ,16 0.40 28 15 8.2 8.1 0.69 0.71 
mean 2.93 2.73 0, ,25 0.35 29 21 8.9 8.9 0.58 0.58 
"C.C.- Critical concentration of soil NO3" 
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Table 7. Parameters for within-site-year models relating grain yields to 
concentrations of NO3" + in the 0- to 30-cm and 0- to 60-cm 
layers of soil. Models were not significant (P < 0.05) at the 12 
site-years not shown 
LRP models for NO3" + to 30 cm or to 60 cm 
Site-
year 
Intercept Slope C. C." Plateau R2 
0-30 0-60 0-•30 0-60 0-30 0-60 0-30 0-60 0-30 0-60 
Mg/ha mg N/kg Mg/ha 
1 3.23 3.03 0, ,20 0.27 27 21 8.5 8.5 0.54 0.52 
3 2.07 1.67 0, ,24 0.32 33 25 9.7 9.8 0.86 0.88 
4 4.58 4.40 0, ,19 0.25 30 24 10.4 10.4 0.71 0.67 
5 5.39 3.87 0, ,12 0.28 43 23 10.6 10.3 0.64 0.58 
6 8.96 8.71 0, ,05 0.08 44 31 11.1 11.0 0.26 0.23 
7 3.43 2.90 0, ,20 0.30 43 29 11.9 11.8 0.73 0.74 
8 3.53 4.54 0, ,27 0.30 27 21 10.8 11.0 0.54 0.56 
9 2.63 -1.64 0, 22 0.58 29 18 8.8 8.5 0.68 0.63 
10 4.15 4.58 0, 18 0.20 34 28 10.1 10.2 0.72 0.71 
12 5.82 5.50 0. 10 0.16 44 31 10,3 10.5 0.37 0.45 
13 1.20 0.62 0. 29 0.40 26 20 8.5 8.5 0.73 0.70 
14 -0.17 -0.28 0. 29 0.36 35 28 9.8 9.8 0.68 0.69 
15 -0.63 -0.69 0. 37 0.44 28 24 9.7 9.8 0.77 0.75 
16 1.45 0.78 0. 33 0.49 23 17 9.2 9.2 0.77 0.81 
17 0.82 0.66 0. 07 0.11 37 25 3.4 3.4 0.19 0.20 
19 -0.24 0.06 0. 19 0.25 37 28 6.8 6.9 0.76 0.76 
20 5.49 5.07 0. 09 0.14 38 28 9.0 9.1 0.43 0.45 
21 2.49 2.43 0. 03 0.04 76 45 4.4 4.3 0.22 0.23 
23 -0.24 1.53 0. 21 0.17 31 29 6.1 6.5 0.24 0.23 
25 2.86 2.94 0. 07 0.09 38 29 5.6 5.6 0.60 0.62 
29 1.28 0.85 0. 05 0.08 52 39 4.0 4.1 0.29 0.31 
31 -0.34 -2.73 0. 19 0.42 37 23 6.8 6.8 0.74 0.83 
32 8.44 7.65 0. 07 0.14 41 26 11.2 11.2 0.53 0.54 
33 9.12 9.03 0. 04 0.06 41 28 10.8 10.8 0.21 0.19 
34 2.22 1.70 0. 20 0.28 37 28 9.7 9.7 0.89 0.89 
35 1.72 -0.15 0. 29 0.47 24 18 8.5 8.5 0.29 0.31 
36 2.45 1.96 0. 25 0.40 33 22 10.9 10.9 0.94 0.94 
37 8.47 8.10 0. 12 0.18 35 24 12.6 12.6 0.65 0.67 
38 1.38 1.43 0. 32 0.45 31 23 11.3 11.7 0.76 0.87 
39 5.31 4.68 0. 18 0.33 36 21 11.8 11.7 0.80 0.80 
40 4.24 4.11 0. 06 0.08 63 45 7.8 7.8 0.80 0.76 
41 4.37 4.62 0. 08 0.10 32 23 7.0 6.9 0.41 0.24 
45 4.10 2.80 0. 11 0.26 37 20 8.2 8.1 0.69 0.70 
mean 3.32 2.87 0. 17 0.26 37 26 8.9 9.0 0.59 0.59 
'C.C.— Critical concentration of soil NO3" + 
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Table 8. Parameters for pooled-site-year models relating relative yield to 
concentration of NO3" in the 0- to 30-cm and 0- to 60-cm layers 
of soil for selected data 
LRP models for NO3" to 30 cm or to 60 cm 
Data® Intercept Slope C, 
,C.b Plateau R2 
Used 0-30 0-60 0-•30 0-60 0-30 0-60 0-30 0-60 0-30 0-60 
Ix 
Mg/ha 
40.5 29.5 2. ,25 3.93 
mg N/kg 
25 17 
Mg/ha 
95.8 95.5 0.43 0.47 
ly 24.7 20.3 2, ,96 4.34 25 18 98.3 98.6 0.71 0.75 
Iz 24.4 20.5 2. ,97 4.31 25 18 98.0 98.3 0.73 0.76 
2x 39.6 32.1 2. ,28 3.64 25 18 96.0 96.0 0.42 0.46 
2y 20.9 16.0 3, ,21 4.71 24 18 98.9 99.1 0.73 0.75 
2z 20.5 16.2 3. 24 4.70 24 18 98.5 98.7 0.75 0.77 
3x 40.7 33.8 2 .  ,18 3.45 25 18 95.7 95.9 0.46 0.50 
3y 22.5 18.7 3 .  ,08 4.43 25 18 98.2 98.7 0.73 0.76 
3z 22.3 19.4 3 .  ,09 4.35 24 18 97.8 98.5 0.74 0.76 
4x 32.5 23.6 2 .  ,80 4.47 22 16 95.4 96.0 0.54 0.60 
4y 22.2 9.9 3. ,02 5.21 25 17 97.8 97.2 0.77 0.81 
4z 21.4 9.5 3, 05 5.24 25 17 98.2 97.3 0.80 0.82 
5x 26.2 15.2 3. 29 5.35 21 15 94.9 95.1 0.51 0.56 
5y 15.2 5.5 3. 57 5.68 23 16 97.9 98.0 0.81 0.85 
5z 15.6 6.6 3. 52 5.55 23 16 97.9 97.9 0.82 0.85 
6x 30.9 17.9 2. 85 5.02 23 16 97.2 97.2 0.61 0.66 
6y 14.1 3.8 3. 63 5.84 24 16 99.9 99.9 0.85 0.88 
6z 15.9 6.8 3. 44 5.48 25 17 100.7 100.9 0.87 0.90 
"1— all treatments, 2—0, 56, 112, 168, 224, 280, 336 kg N/ha 
treatments, 3-0, 56, 112, 168, 224 kg N/ha treatments, 4-0, 84, 140, 
224 kg N/ha treatments, 5- 0, 112, 224, 336 kg N/ha treatments, 6- 0, 224 
kg N/ha treatments; x- all site-years, y- site-years with value a 0.20 
for QRP model relating grain yield to fertilizer N applied (i.e., N 
responsive site-years), z- site-years with R^  value a 0.40 for QRP model 
relating grain yield to fertilizer N applied. 
^ C . C . -  Critical concentration of soil NO3". 
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Table 9. Parameters for pooled-site-year models relating relative yield to 
concentration of NO3" + In the 0- to 30-cm and 0- to 60-cm 
layers of soil for selected data 
IJIP models for NO3" + to 30 cm or to 60 cm 
Data" Intercept Slope C. 
,C.b Plateau R2 
Used 0-30 0-60 0-•30 0 -60 0-30 0-60 0-30 0-60 0-30 0-60 
Ix 
Mg/ha 
45.8 39.4 1.48 2 .39 
mg N/kg 
34 24 
Mg/ha 
96.3 96.0 0.42 0.43 
ly 34.6 29, ,3 1. 82 2, ,79 35 25 99.1 98.9 0.69 0.70 
Iz 34.3 30, ,7 1. 80 2, .64 36 26 99.1 99.0 0.72 0.73 
2x 47.7 38. 7 1. 35 2, .39 36 24 96.6 96.0 0.42 0,43 
2y 33.8 26. 6 1. 84 2, 93 36 25 99.5 99.3 0.72 0.72 
2z 33.7 27. 1 1. 80 2, ,83 37 25 99.5 99.2 0.75 0.76 
3x 47.7 38. 7 1. 35 2, ,39 36 24 96.7 95.6 0.44 0.46 
3y 33.6 26, 6 1. 85 2 ,93 35 25 99.0 98.8 0.69 0.70 
3z 33.7 27. ,1 1. 80 2, 83 37 25 99.5 98.8 0.72 0.73 
4x 41.6 31. 1 1. 70 3, ,02 32 21 96.4 95.6 0.51 0.53 
4y 30.0 25.4 2. 00 2, ,98 34 24 98.6 98.4 0.72 0.73 
4z 28.5 27. 9 2. 02 2, 74 35 26 99.1 99.5 0.77 0.76 
5x 46.0 34. 5 1. 39 2, 74 36 23 96.8 96.1 0.49 0.51 
5y 29.9 20, 2 1.97 3, ,31 35 24 98.8 98.6 0.77 0.79 
5z 29,8 21, 3 1. 90 3, ,15 37 25 99.4 98.9 0.81 0.82 
6x 40.8 31, 3 1. 67 2, ,90 34 23 97.3 97.3 0.56 0.59 
6y 28.9 22. ,5 1. 98 3, ,08 36 25 99.8 99.8 0.79 0.80 
6z 31.8 26. 7 1. 67 2, ,60 41 28 100.5 100.4 0.84 0.84 
"1- all treatments, 2-0, 56, 112, 168, 224, 280, 336 kg N/ha 
treatments, 3-0, 56, 112, 168, 224 kg N/ha treatments, 4-0, 84, 140, 
224 kg N/ha treatments, 5- 0, 112, 224, 336 kg N/ha treatments, 6- 0, 224 
kg N/ha treatments; x= all site-years, y- site-years with value a 0.20 
for QRP model relating grain yield to fertilizer N applied (i.e., N 
responsive site-years), z- site-years with R^  value > 0.40 for QRP model 
relating grain yield to fertilizer N applied. 
t'C.C.- Critical concentration of soil NO3" + NH^ "*". 
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that apply across a reasonable range of conditions. 
Comparisons of values in Table 8 suggest that the deeper sampling 
offers a slight advantage. The finding that this advantage is apparent in 
the models in Table 8 but not those in Table 6 can be attributed to 
differences in soil factors and weather conditions among site-years. This 
advantage, however, probably was not great enough to justify the cost 
associated with the deeper sampling. 
The finding that the predictability of the soil test was only slightly 
improved by sampling to 60 cm instead of 30 cm is explained by a good 
correlation (r - 0.98) between concentrations of NO3" in the 0- to 30-cm 
and the 0- to 60-cm layers of soil. A good correlation (r — 0.73; P < 
0.0001) also was observed between NO3" concentrations in the 0- to 30-cm 
and the 30- to 60-cm layers of soil. This good correlation is consistent 
with the idea (Blackmer et al., 1989) that dispersion of NO3" induced by 
the presence of soil macropores is an important factor affecting the 
distribution of NO3" in soils. Priebe and Blackmer (1989) demonstrated 
that marked dispersion of N can occur as water moves through soils having 
macropores. 
Comparisons of values in Tables 6 and 7 and in Tables 8 and 9 
suggest no basis for recommending that exchangeable be included in 
this soil test. This finding agrees with earlier reports (Blackmer et al., 
1989). Data concerning exchangeable are included in this paper, 
because conditions may be encountered where exchangeable is important. 
Possible conditions may include soils treated with anhydrous ammonia, 
nitrification inhibitors, or a combination of both. 
Some site-years included in this study were of questionable value for 
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correlating a soil test, and it is possible that these site-years should be 
deleted before determining critical concentrations of NO3". For example, 
Site-year 30 had a drought-induced crop failure (Fig. 1). Also, Site-year 
23 had extreme variability in yields because of unidentified factors that 
seemed to be unrelated to N availability. To identify questionable site-
years, I used the magnitude of values for within-site-year models 
relating yields to rates of N fertilization (Tables 2, 3, and 4) as the 
criterion for deletion. This criterion does not use determined 
concentrations of soil NO3", but it does indicate the importance of N 
availability as a factor affecting yields at each site-year. Comparisons 
of values for the pooled-site-year models (Tables 8 and 9) indicate that 
deletion of site-years markedly improved the apparent predictability (R^  
values) of the soil test. 
The apparent predictability of the pooled-site-year models decreased 
with increase in the number of N fertilization rates (Tables 8 and 9). 
This trend is noteworthy because the reliability of a soil test is usually 
assessed by R^  values and because value judgments concerning acceptable R^  
values for a soil test are influenced by a preponderance of studies having 
only 3 to 5 rates of fertilizer application. It is clear that R^  values 
are markedly influenced by experimental design, site selection, and the 
potential of the soil test being evaluated. Therefore, similar data sets 
should be used when comparing soil tests and when evaluating the effects of 
sampling depth on a soil test. 
Figure 2 shows pooled-site-year models describing the relationship 
between relative yields and concentrations of NO3" to 30 cm. Because I am 
uncertain as to what predictability should be reported, three different 
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models are presented. Figure 2a shows all data. Figure 2b shows data for 
N responsive site-years only. Figure 2c shows data from only the 0, 112, 
224, and 336 kg N/ha treatments for N responsive site-years. 
Critical concentrations of soil NO3" were relatively unaffected by 
deletion of site-years or by number of N treatments included in the pooled-
site-year models (Table 8 and Fig. 2), Statistical analyses showed that 
the 0.95 confidence interval for the critical concentration of soil NO3" 
was 23 to 26 mg N/kg. This confidence interval is in close agreement with 
the optimal range of 20 to 25 mg N/kg reported by Blackmer et al. (1989) 
and the value of 25 mg N/kg reported by Fox et al. (1989). 
Figure 3 shows pooled-site-year models for the 60-cm sampling depth. 
Comparisons of Fig. 2 and Fig. 3 support the conclusion that sampling to 60 
cm provided only a slight advantage over sampling to 30 cm. It is 
important to note, however, that the critical concentration of NO3" was 
significantly lower (16 to 19 mg N/kg) when samples were collected to 60 
cm. 
Blackmer et al. (1989) compared the use of absolute yields and 
relative yields when correlating this soil test and suggested that relative 
yields were more appropriate. Comparison of the pooled absolute yield 
relationships shown in Figs. 4 and 5 with the relative yield relationships 
shown in Figs. 2 and 3 indicate that relative yields were also more 
appropriate in this study. 
Overall, the results of this study show that there was a slight 
advantage of sampling soils to 60 cm instead of to 30 cm only. Under the 
conditions of this study, the observed advantage probably was not great 
enough to justify the costs associated with the deeper sampling. The 
Figure 2. Relationship between relative yields and concentrations of NO3" 
in the surface 30 cm of soil; (a) all site-years, (b) only site 
years with a significant response to fertilizer N, (c) only the 
0, 112, 224, and 336 kg/ha fertilizer N treatments at N 
responsive site-years 
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Figure 3. Relationship between relative yields and concentrations of NO3" 
in the surface 60 cm of soil; (a) all site-years, (b) only site-
years with a significant response to fertilizer N, (c) only the 
0, 112, 224, and 336 kg/ha fertilizer N treatments at N 
responsive site-years 
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Figure 4. Relationship between absolute yields and concentrations of NO3" 
in the surface 30 cm of soil; (a) all site-years, (b) only site-
years with a significant response to fertilizer N, (c) only the 
0, 112, 224, and 336 kg/ha fertilizer N treatments at N 
responsive site-years 
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Figure 5. Relationship between absolute yields and concentrations of NO3" 
in the surface 60 cm of soil; (a) all site-years, (b) only site-
years with a significant response to fertilizer N, (c) only the 
0, 112, 224, and 336 kg/ha fertilizer N treatments at N 
responsive site-years 
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observed critical concentration of soil NO3" for the 60 cm depth, however, 
could be useful in situations where the deeper sampling seems advisable. 
The deeper sampling may be advisable on sandy soils, which are not 
prevalent in Iowa. 
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PART II. NITROGEN CONCENTRATION OF YOUNG CORN PLANTS AS AN INDICATOR OF N 
AVAILABILITY 
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INTRODUCTION 
Measurements of N availability in cornfields in late spring enable 
producers to adjust N fertilization rates for weather-induced 
transformations of N that occur in soils during the spring. Testing soils 
for NO3" when corn plants are 15 to 30 cm tall seems to have great promise 
(Magdoff et al., 1984; Blackmer et al., 1989; Fox et al., 1989; Magdoff et 
al., 1990; and Binford et al'., 1991). This test enables site-specific 
evaluations concerning both the appropriateness of N rates already applied 
and the need for additional N at sidedressing. 
Tissue testing offers a possible alternative for evaluating the N 
status of cornfields. Potential advantages of tissue testing are that less 
effort is required to obtain samples and that plants may be better 
integrators of factors that determine N availability in soils. Rauschkolb 
et al. (1974) proposed an early season corn tissue test based on NO3" 
concentrations in the basal portion of stems. Iverson et al. (1985) found 
significant correlations between relative yields and basal stem NO3" 
concentrations at approximately 30 days after emergence. McClenahan and 
Killorn (1988) suggested that N deficiencies could be detected at the V6 
growth stage with this tissue test if factors contributing to the site-to-
site variations in stem NO3" concentrations could be identified. Fox et 
al. (1989) presented evidence that this tissue test was not a reliable 
indicator of N status when used over a range of weather, crop management, 
and soil conditions. Schepers et al. (1990) found large variations in 
basal stem NO3" concentrations within hybrids at the V6 stage. In this 
same study, leaf N concentrations at the V6 stage did vary across hybrids 
and years; however, the average variations in leaf N concentrations were 
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much less than the variations observed in stem NO3" concentrations. 
Here I report studies to evaluate total N concentrations of whole corn 
plants in late spring as an indicator of N availability in cornfields. I 
reasoned that concentrations of total N would not be influenced by 
translocations and transformations of N within plants and, therefore, that 
an index of soil N availability based on this N should be less influenced 
by environmental factors than are indexes based on concentrations of NO3" 
in the basal portion of these plants. 
38 
MATERIALS AND METHODS 
This study involved analysis of plant samples from 14 N-response 
experiments described in Table 1. These 14 site-years were selected from 
51 site-years for which yields and soil NO3" concentrations have been 
reported (Blackmer et al., 1989; Binford et al., 1991). The site-years 
selected were those considered to be the most favorable for demonstrating 
the potential of the tissue test. The criteria for selecting the sites 
were magnitude of the response and value of the relationship between 
grain yields and fertilizer N applied. The experimental plan was to 
evaluate the tissue test at all site-years if the best 14 site-years showed 
great promise. 
All site-years involved 10 rates of N (0, 28, 56, 84, 112, 140, 168, 
224, 280, and 336 kg/ha) applied as (NH4)2S04 in three replications. All 
fertilizers were broadcast and incorporated shortly before planting. The 
plots were 12.2 by 4.6 m (six 76-cm rows) or 12.2 by 3.9 m (four 97-cm 
rows) and were arranged in randomized complete block designs. Phosphorus 
was applied at 30 kg P/ha as triple superphosphate, and K was applied at 55 
kg K/ha as KCl. To avoid possible responses to S from the (NH4)2S04 
fertilizer, CaS04'2H20 was applied to the 0, 28, 56, and 84 kg N/ha 
treatments so that the total amount of S applied to each plot was at least 
equal to that applied with the 112 kg N/ha (NH4)2S04 treatment. Corn was 
usually planted during the last week of April or during the first week of 
May at rates of 60,000 to 72,000 seeds/ha. Hybrids were 'Pioneer 3377' at 
site-year 2, 'Pioneer 3732' at site-year 10, and 'Pioneer 3475' at all 
other site-years. Grain yields were determined by hand harvesting 7.6-m 
segments of the center two rows of each plot. Grain yields were adjusted 
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Table 1. Information concerning the 14 site-years included in this study 
Site- value of 
year Year Location QRP model' Series Subgroup 
1 1986 Marengo 0 .91 Nevin Aquic Argiudoll 
2 1986 Kalona 0 .95 Bremer Typic Argiaquoll 
3 1986 Ames 0 .91 Clarion Typic Hapludoll 
4 1986 Ida Grove 0 .95 Marshall Typic Hapludoll 
5 1986 Holstein 0, .95 Galva Typic Hapludoll 
6 1987 Ames 0, ,92 Clarion Typic Hapludoll 
7 1987 Ida Grove 0, .88 Marshall Typic Hapludoll 
8 1987 Holstein 0. 92 Galva Typic Hapludoll 
9 1987 Badger 0. 72 Canisteo Typic Haplaquoll 
10 1987 Nashua 0. 83 Readlyn Aquic Hapludoll 
11 1988 Holstein 0. 89 Galva Typic Hapludoll 
12 1989 Holstein 0. 91 Galva Typic Hapludoll 
13 1989 Badger 0. 90 Canisteo Typic Haplaquoll 
14 1989 Kensett 0. 95 Crippin Aquic Hapludoll 
"R^  value of the QRP model relating grain yields to fertilizer N 
applied. 
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to 155 g/kg moisture content. Other than fertilizer application and grain 
harvest, all plots were managed by practices commonly used in production 
agriculture. 
Whole plant samples (all above-ground parts) were collected when corn 
plants were 15 to 30 cm tall (usually during the last week of May or during 
the first week of June) at all 51 site-years. Sampling was done by 
randomly selecting ten plants from each plot. The samples were dried at 60 
"C, ground in a Wiley mill having a 1.0-mm screen, and then ground in a 
Cyclone mill (Udy model SF, Fort Collins, CO) having a 0.5-mm screen. 
Kjeldahl N was determined in samples from the 14 selected site-years by 
using the permanganate-reduced Fe method to include NO^ '-N (Bremner and 
Mulvaney, 1982). All N concentrations are expressed on an oven-dry (60 *C) 
basis. 
Soil samples were collected at the same time as the plant samples. 
Sampling was done by randomly collecting eight 3.2-cm diam. cores from the 
0- to 30-cm layer of soil in each plot and then compositing the set of 
eight cores. Soil samples taken in 1986, 1987, and 1988 were air-dried in 
a greenhouse, and samples taken in 1989 were dried in a forced-air oven at 
49 "C. After drying, the samples were ground to pass a 2-mm sieve, 
extracted with 2 M KCl by using a 5:1 solution/soil ratio, filtered through 
Whatman no. 5 paper, and analyzed for NO^ '-N by using either a MgO-Devarda 
alloy steam-distillation procedure (Keeney and Nelson, 1982) or a Lachat 
flow-injection procedure (Lachat Instruments, Milwaukee, WI; Method 12-107-
04-1-B). 
A quadratic-response-and-plateau (QRP) model was used to describe the 
relationship between grain yields and fertilizer N applied at each site-
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year (Cerrato and Blackmer, 1990). Linear-response-and-plateau (LRP), 
quadratic, and linear models were fit to the relationships between yields 
and N concentrations in plants or soils, but only the model with the 
highest value is presented. The QRP and LRP models were fit by using 
the NLIN procedure, the quadratic and linear models were fit by using the 
GLM procedure, and analysis of variance was performed by using the ANOVA 
procedure of the SAS statistical package (SAS Institute, 1988). 
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RESULTS AND DISCUSSION 
Rainfall during the 1986 growing season was slightly above average, 
and relatively little moisture stress occurred during the growing season. 
In 1987 rainfall was below normal before sampling, but rainfall after 
sampling was adequate for high yields. In 1988 rainfall was below normal 
throughout the growing season, and reduction in yield potential occurred at 
most sites. In 1989 timely rainfall and cool weather enabled normal yields 
despite less-than-normal rainfall. 
Nitrogen availability was the major factor influencing variability in 
grain yields at each of the 14 site-years studied (Fig. 1). The QRP model 
indicated that 72 to 95% of the variability in grain yields could be 
explained by amounts of fertilizer applied (Table 1). The yields on the 
unfertilized plots ranged from 28 to 63% of the plateau yields. Because N 
status was the major factor affecting yields within each site-year, the 
conditions of this study were favorable for demonstrating the potential of 
the tissue test for evaluating the N status of cornfields. The potential 
of such tests is obscured in studies where yields are mainly determined by 
factors other than N availability. 
Concentrations of N in the young plants tended to increase with 
increases in rates of N fertilization (Fig. 2). These increases in 
concentrations were statistically significant (P < 0.01) at all site-years 
except eight and nine. Concentrations of N tended to plateau at the higher 
rates of N fertilization. This observation indicates limited luxury uptake 
of N by the plants and, therefore, limited ability of the tissue test to 
indicate excesses of available N in the soil. The increases observed at 
the lower rates of fertilization have value in tissue testing only if they 
Figure 1. Relationship between grain yields and fertilizer N applied 
each site-year 
12 
9 
6 
3 
0 
12 
g 
6 
3 
0 
12 
g 
6 
3 
p 
12 
9 
6 
3 
0 
12 
g 
6 
3 
0 
12 
9 
6 
3 
0 
12 
9 
6 
3 
0 
44 
: : : * 
Site-year 1 
I . . . 
7^ 
Site-year 2 
I I  : • i > 
Site-year 3 
#"» i 
I' 
Site-year 4 
I : ! ' , • • •  :  •  '  
• S 
2 Site-year 5 
0 • 
e Site—year 6 
I I 
Site-year 7 
I I I I I I I I I I 
' ' : 
!• 
Site—year 8 
: : " 
Site—year 9 
I • 
Site—year 10 
I I I I I I I I I I I I I 
• I • • • 
* ! ' •  
' Site—year 11 
' '• ' 
» * 
Site—year 12 
• • I • 
^ 
. " 
Site-year 13 
I I I I I I I I I I I I I 
' • « 
Site—year 14 
I I I I I I I I 1 • 
too 200 300 0 100 200 300 
NITROGEN APPLIED (kg/ho) 
Figure 2. Relationship between concentrations of N in young plants and 
fertilizer N applied at each site-year 
46 
48 
40 
32 
24 
48 
40 
32 
24 
4^8 
en 
^ 40 
o> 32 
24 
è 48 
Z 40 
i -
§ 24 
!= • 
g 48 
u E 
" 32 
Z 
24 
48 
40 
32 
24 
48 
40 
32 
24 
- # 
: ' : 
^ Site-year 1 
1 1 1 1 1 1 1 1 1 > 1 1 1 1 
i . . . ' : '  :  • :  
• • • • 
' site-year 2 
I t l t l i l i l t i i t i  
- . : ! : 
ï* Site-year 3 
1 1 1 1 1 1 1 1 1 1 I..I 1 1 
- . : ' 
• • • 
Site-year 4 
,,,!!! • • ' 
• 
• 
Site—year 5 
' ' 
• Site—year 6 
: ; ; 
». 
s Site-year 7 
1 1 1 1 1 t 1 t 1 1 1 1 1 1 
. . . 
Site—year 8 
• • 1 
# » 
Site-year 9 
1  t  1  1  I  1  1  1  1  1  1  1  1  1  
; : .5  
Site-year 10 
1. t 1 1 1 i. 1 1 I .I..1.1.1 1. 
Site-year 11 
: ' ' 
!  e
# 
Site-year 12 
• ! [«  
Site-year 13 
i  
^ Site—year 14 
0 100 200 300 0 100 200 300 
NITROGEN APPLIED (kg/ha) 
47 
can be related to grain yields or to concentrations of available N in the 
soil. 
Statistically significant relationships were found between grain 
yields and concentrations of N in young plants, but the observed N 
concentrations explained only 24% of the variability in yields (Fig. 3a). 
The predictability was slightly improved (R^  - 0.32) when yields were 
expressed as percentages of the highest yields attained by adding N 
fertilizer within each site-year (Fig. 3b). Such a transformation tends to 
minimize yield variability due to factors other than N availability when 
data from different site-years are pooled. The poor predictability of the 
relationships in Fig. 3 indicates that concentrations of N in young plants 
were greatly influenced by factors having relatively little effect on final 
yields. Comparisons of relationships observed within site-years support 
this conclusion (Fig. 4). 
Statistically significant relationships were observed between soil 
NOg" concentrations and concentrations of N in young plants (Fig. 5), but 
the concentrations of N in the plants explained only 27% of the variability 
in soil NO3" concentrations. This poor predictability suggests that plant 
N concentrations were significantly influenced by factors other than soil 
NO3" concentrations. Comparisons of relationships observed within site-
years support this conclusion (Fig 6). 
Soil NO3" concentrations were relatively good predictors of final 
grain yields. They explained 61% of the observed variability in absolute 
yields (Fig. 7a) and 76% of the variability in relative yields (Fig. 7b). 
The relationship with relative yields is especially important because 
relative yields provide a useful index of N sufficiency as evaluated by the 
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Figure 4. Relationship between grain yields and concentrations of N in 
young plants at each site-year 
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corn plants. That is, relative yields significantly less than 100% 
indicate that additions of more fertilizer are likely to increase yields. 
Data presented in Fig. 7 indicate that yield-determining differences in 
soil N status were present and measurable when plant samples were 
collected. 
Comparatively good relationships were observed between soil NO3" 
concentrations and relative concentrations of N in young plants (i.e., 
concentrations of N in plants expressed as percentages of the mean N 
concentration in plants from plots receiving the two highest rates of N 
fertilizer within each site-year). This relationship suggests that young 
plants tend to have a maximum concentration of N that depends upon soil and 
environmental conditions. This maximum concentration occurred at 20 mg 
N/kg of soil, which is almost identical to the critical concentration of 
soil NO3" identified by Blackmer et al. (1989). Therefore, the 
relationship shown in Fig. 8 suggests that this tissue test cannot identify 
fields having excessive levels of N. This inability is a serious 
limitation because cornfields often have excessive concentrations of NO3" 
(El-Hout and Blackmer, 1990; Morris and Blackmer, 1989, 1990) and these 
fields need to be identified for economic and environmental reasons. 
Analysis of variance revealed that only 39% of the variability in 
plant N concentrations could be explained by a model considering N 
treatments, NO3" concentrations in unfertilized plots, amounts of rainfall 
during May, and interactions of these variables. May rainfall ranged from 
41 to 226 mm at the site-years included in this study, and rainfall during 
May provided better predictabilities than did rainfall during April or 
April and May. It seems likely that collection of additional soil, plant, 
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and environmental data would have enabled development of models explaining 
greater percentages of the variability in plant N concentrations. Such 
models would be of limited utility, however, because they could be used 
only in situations where similar soil, plant, and environmental data are 
collected. Overall, the results of this study provide no evidence that a 
tissue test based on concentrations of N in young plants could be a viable 
alternative to NOg" soil tests for evaluating amounts of available N in 
cornfields. 
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PART III. CRITICAL CONCENTRATIONS OF NITRATE IN CORNSTALKS AT MATURITY 
61 
INTRODUCTION 
Tissue testing is widely used to evaluate the N status of corn. Most 
tissue tests were developed and calibrated with the primary objective of 
diagnosing nutrient deficiencies rather than excesses because the problems 
associated with applying too little N seemed more important than those 
associated with applying too much N. There is, however, mounting concern 
about the economic and environmental costs of applying too much N. Recent 
studies have shown that the most commonly used tissue tests are not 
suitable for evaluating the N status of corn when optimal to excessive 
amounts of N are present (Cerrato and Blackmer, 1990a, 1991). 
An end-of-season tissue test for detecting excessive levels of N in 
cornfields was recently proposed by Binford et al. (1990). This tissue 
test is based on concentrations of NO2' in lower cornstalks just after 
plants reach physiological maturity. There is a sharp transition between 
stalk NO3" concentrations that are deficient and those that are near or 
above optimal. This sharp transition is indicative of a good tissue test 
(Ulrich and Hills, 1990). Sharp transitions are not found in other tissue 
tests used to evaluate the N status of corn, including tests based on the 
basal stalks of young corn plants (McClenahan and Killorn, 1988; Fox et 
al., 1989), whole young corn plants (Binford et al., 1991), ear leaves at 
silking (Cerrato and Blackmer, 1991), and corn grain at maturity (Cerrato 
and Blackmer, 1990a). 
The end-of-season cornstalk test proposed by Binford et al. (1990) was 
calibrated by using data from 15 different site-years, but more information 
is needed concerning the effects of weather conditions on optimal 
concentrations of stalk NO3". For example, it is known that corn 
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accumulates NO3" in stalks under drought conditions (Hanway and Englehorn, 
1958), and such accumulations could adversely influence the test. Also, 
the range of concentrations reported to be optimal is quite wide (0.25 to 
1.80 g N/kg) and studies are needed to evaluate the possibility of using a 
narrower optimal range. 
Here I evaluate the performance of the end-of-season cornstalk test 
under conditions that are relatively wet and dry for Iowa and explore the 
possibility of using a narrower optimum range of stalk NO3" concentrations. 
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MATERIALS AND METHODS 
This study utilized N response trials conducted at 30 site-years in 
Iowa during 1988, 1989, and 1990 (Tables 1 and 2). Ten rates of N (0, 28, 
56, 84, 112, 140, 168, 224, 280, and 336 kg/ha) were applied as (NH4)2S04 
in three replications. All fertilizers were broadcast and incorporated 
shortly before planting. The plots were 12.2 by 4.6 m (six 76-cm rows) or 
12.2 by 3.9 m (four 97-cm rows) and were arranged in randomized complete 
block designs. Phosphorus was applied at 30 kg P/ha as triple 
superphosphate, and K was applied at 55 kg K/ha as KCl. To avoid possible 
responses to S from the (NH4)2S04 fertilizer, CaS04»2H20 was applied to the 
0, 28, 56, and 84 kg N/ha treatments so that the total amount of S applied 
to each plot was at least equal to that applied with the 112 kg N/ha 
(NH4)2S04 treatment. Corn was usually planted during the last week of 
April or the first week of May at rates of 60,000 to 72,000 seeds/ha. 
Grain yields were determined by hand harvesting segments of the center two 
rows of each plot (7.6-m segments in 1988 and 1989; 6.1-m segments in 
1990). Yields were adjusted to 155 g/kg moisture content. Other than 
fertilizer application and grain harvest, all plots were managed by 
practices commonly used in production agriculture. 
Samples of the lower stalk were collected from ten plants within each 
plot within 10 days after black layers had formed on about 80% of the 
kernels of most ears. The samples were collected by cutting the stalk at 
15 and 35 cm above the ground and removing dried leaves from the resulting 
20-cm segment of stalk. The samples were dried at 60*C and then ground in 
a Wiley mill having a l.O-mm screen. Nitrate concentrations were 
determined by shaking a portion of each tissue sample in 100 ml of 2M KCl 
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Table 1. Soil descriptions at each experimental location® 
Location Series Subgroup pH N P K 
g/kg mg/kg --
Marengo Nevin Aquic Argiudoll 5 .6 2.1 27 180 
Holstein Galva Typic Hapludoll 5 .8 2.2 19 176 
Badger Canisteo Typic Haplaquoll 7 .8 3.3 5 132 
Kensett Crippin Aquic Hapludoll 7 .9 3.0 13 122 
Nashua Readlyn Aquic Hapludoll 5 .8 1.6 15 114 
Kalona Bremer Typic Argiaquoll 6 .5 2.0 108 254 
Wyman Mahaska Aquic Argiudoll 5, ,3 1.9 16 176 
Calumet Primghar Aquic Hapludoll 5, ,8 2.1 8 167 
'Soil samples were taken in late spring of 1988 from the 0- to 30-cm 
layer of soil; N-Total Kjeldahl-N; P-Bray-1 extractable; K-exchangeable K 
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Table 2. Information describing individual site-years 
Site- Previous Corn Tillage 
year Year Location crop Hybrid" performed'' 
1 1988 Marengo Corn P3378 SM,SE,P 
2 1988 Holstein Corn P3475 SH,SD,SE,SE,P,R 
3 1988 Holstein Soybean P3475 SE,SE,P,R 
4 1988 Badger Corn P3475 FH,FC,SE,SE,P,R,R 
5 1988 Badger Soybean P3475 SE,SE,P,R,R 
6 1988 Kensett Corn P3475 FM,SE,SE,P,R 
7 1988 Kensett Soybean P3475 FC,SE,SE,P,R 
8 1988 Nashua Corn P3732 FC,SE,SE,P,R 
9 1988 Nashua Soybean P3732 SE,SE,P,R 
10 1989 Holstein Corn P3475 SH,SD,SE,SE,P,R,R 
11 1989 Badger Corn P3475 FH,FV,SE,SE,P,R,R 
12 1989 Badger Soybean P3475 SD,SE,P,R,R 
13 1989 Kensett Corn P3475 FM,SE,SE,P,R 
14 1989 Kensett Soybean P3475 FV,SE,SE,P,R 
15 1989 Nashua Corn P3732 FC,SE,SE,P,R 
16 1989 Nashua Soybean P3732 SE,SE,P,R 
17 1990 Kalona Corn P3379 FC,SD,SE,P,R 
18 1990 Kalona Soybean P3379 SD,SE,P,R 
19 1990 Holstein Corn P3475 FH,FD,SD,SE,P,R 
20 1990 Holstein Soybean P3475 FD,SE,P,R 
21 1990 Badger Corn P3467 FH,FV,SE,SE,P,R 
22 1990 Badger Soybean P3467 SE,SE,P,R 
23 1990 Kensett Corn P3475 FM,SE,SE,P,R 
24 1990 Kensett Soybean P3475 FC,SE,SE,P,R 
25 1990 Nashua Corn P3578 FC,SE,SE,P,R, 
26 1990 Nashua Soybean P3578 SE,SE,P,R 
27 1990 Wyman Corn P3379 FC,SD,SE,P,R 
28 1990 Wyman Soybean P3379 SD,SE,P,R 
29 1990 Calumet Corn DK535 SD,SD,SE,P,R 
30 1990 Calumet Soybean DK535 SD,SE,P,R 
®P-Pioneer, DK-Dekalb. 
F^-fall, S-spring; C-chisel plow, D-disk, E-field cultivator, H-stalk 
chopper, M-moldboard plow, P-planter, R-row cultivator, V-v-ripper. 
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for 30 minutes, and the resulting solutions were filtered through Whatman 5 
paper and analyzed for NOg'-N by using either a MgO-Devarda alloy steam-
distillation procedure (Keeney and Nelson, 1982) or a Lachat flow-injection 
procedure (Lachat Instruments, Milwaukee, ttl; Method 12-107-04-1-B). 
A quadratic-response-and-plateau (QRP) model (Cerrato and Blackmer, 
1990b) was used to describe the relationship between grain yields and 
fertilizer N applied at each site-year. A linear-response-and-plateau 
(LRP) model (Waugh et al., 1973) was used to describe the relationships 
between yields and stalk NO3" concentrations. The LRP critical 
concentration of stalk NO3" was defined as the NO3" concentration at the 
intersection of the two lines of the LRP model. Linear and LRP models were 
fit to the relationships between stalk NO3" concentrations and fertilizer N 
applied, and the model with the highest R^  value was used to describe the 
relationship. The QRP and LRP models were fit by using the NLIN procedure 
and the quadratic and linear models were fit by using the GLM procedure of 
the SAS statistical package (SAS Institute, 1988). 
Economic optimum rates of fertilization were calculated by setting the 
first derivative of the curved portion of the QRP model equal to a 
fertilizer : corn price ratio of 3.36 (cost of 1 kg of N fertilizer : value 
of 1 kg of grain) and solving for the fertilizer rate that corresponds to 
this value (Heady et al., 1955; Cerrato and Blackmer, 1990b). Stalk NO3" 
concentrations corresponding to economic optimum rates of fertilization 
were determined by using the observed relationships between stalk NO3" 
concentrations and amounts of fertilizer N applied at each site-year. 
Net returns to N fertilization in scenarios involving various 
alternative critical concentrations (i.e., the stalk NO3" concentrations 
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indicating that adequate but not excessive amounts of N had been applied) 
and various fertilizer and corn prices were calculated by using a three-
step procedure. Step 1 involved using modeled relationships between stalk 
NO3" concentrations and rates of N fertilization to identify the rate of 
fertilization that corresponded to each alternative critical concentration 
at each site-year. Step 2 was to identify the nearest N rate actually 
applied and the mean yield of grain observed at this rate. Step 3 was to 
calculate mean net returns to fertilization (value of fertilizer-induced 
yield increase minus cost of fertilizer) for each alternative critical 
concentration across all site-years described in this and the previous 
study (Binford et al., 1990). 
In this paper, the term "relative yield" denotes yield expressed as a 
percentage of the plateau yield from the QRP model relating yield to 
fertilizer N applied within each site-year. If the QRP model could not 
significantly (P < 0.05) describe the relationship between yield and 
fertilizer N, then relative yield denotes yield expressed as a percentage 
of the mean of the four highest-yielding N-treatment means within a site-
year. 
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RESULTS AND DISCUSSION 
Rainfall amounts were quite different among the years in which this 
study was conducted (Tables 3 and 4). A severe drought in 1988 caused 
substantial yield reductions at most sites. Timely rainfalls and cool 
weather in 1989 resulted in near-average yields at most sites despite less-
than-average rainfall. Optimal to excessive amounts of rainfall occurred 
at most sites in 1990. 
Observations in this study (Figs. 1 and 2) support an earlier report 
(Binford et al., 1990) of a two-phase relationship between rates of N 
fertilization and stalk NO3" concentrations. At N rates less than required 
to attain near-maximum yields, additions of N tended to increase grain 
yields without changing stalk NO3" concentrations. At higher rates of 
fertilization, stalk NO3" concentrations tended to increase linearly with 
increases in rates of N fertilization. Tables 5, 6, and 7 show statistical 
parameters for models describing the within site-year relationships shown 
in Figs. 1 and 2. 
Pooled relationships between relative yields and stalk NO3" 
concentrations (Fig. 3) confirm (i) that a sharp transition exists between 
stalk NO3" concentrations that are not adequate and those that are adequate 
to obtain near-maximum yields and (ii) that this tissue test has the 
capacity to evaluate the N status of corn when optimal to excessive amounts 
of N are present. Binford et al. (1990) analyzed a similar pooled 
relationship and concluded that the optimal range of stalk NO3" 
concentrations was 0.25 to 1.80 g N/kg. The lower end of this optimal 
range was the LRP critical concentration, and the upper end of this range 
was identified by calculating the mean concentration of stalk NO3" 
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Table 3. Rainfall data for each site-year from April through September 
Rainfall amounts 
Site-
year April May June July Aug Sept Total 
1 20 30 23 37 84 114 308 
2,3 53 44 87 61 133 133 511 
4.5 75 43 59 64 117 124 482 
6.7 88 26 33 57 96 144 444 
8,9 64 29 43 74 80 74 364 
10 33 46 56 58 58 124 375 
11,12 76 85 114 124 40 125 564 
13.14 62 41 40 110 72 74 399 
15,16 69 68 46 57 57 47 344 
17,18 33 194 254 185 140 65 871 
19.20 61 191 239 209 48 15 763 
21,22 57 195 270 203 83 42 850 
23,24 120 106 98 294 328 47 993 
25,26 102 109 175 340 195 53 974 
27,28 48 131 209 120 109 63 680 
29,30 14 92 182 140 72 41 541 
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Table 4. Rainfall data for each site-year from April through September 
Deviation from long-term mean rainfall 
year April May June July Aug Sept Total 
mm 
1 
CM 00 
-74 
00 00 
-69 -32 +25 -320 
2,3 -17 -60 -31 -26 +36 +61 -37 
4,5 +2 -50 -70 -44 +6 +39 -117 
6.7 +17 -76 
00 00 
-46 -6 +58 -14-1 
8,9 -16 
00 
-75 -27 -23 -32 -257 
10 -36 -58 -62 -29 -39 +53 -171 
11,12 +4 - 8 -15 +16 -71 +40 -34 
13,14 -9 
CM V
O
 
-82 +7 -29 -11 -186 
15,16 -11 -44 -72 -44 -46 -59 -276 
17,18 -56 +97 +146 +79 +44 -23 +287 
19,20 -9 +86 +121 +122 -49 -56 +215 
21,22 -15 +102 +141 +95 -27 -42 +254 
23,24 +49 +4 -23 +191 +226 -38 +409 
25,26 +22 -3 +57 +239 +92 -54 +353 
27,28 -42 +34 +101 +13 +14 -25 +95 
29,30 -46 -4 +63 +45 -20 -82 -44 
Figure 1. Relationship between stalk NO3" concentrations and fertilizer N 
applied at each site-year 
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Table 5. Parameters for within site-year models relating stalk NO3" 
concentrations to fertilizer N applied 
LRP model relating stalk NO3" to N rate" 
Site-
year slope Intercept I.P. Plateau R2 
g N/kg kg/ha g N/kg 
1 0.030 -2.71 97 0.19 0.93 
2 0.029 -3.45 125 0.18 0.91 
3 0.022 1.16 NÂ NA 0.79 
4 0.029 -0.69 36 0.35 0.80 
5 0.025 0.46 NA NA 0.89 
6 0.038 -3.61 97 0.12 0.88 
7 0.029 1.49 NA NA 0.88 
8 0.020 0.13 28 0.69 0.87 
9 0.015 1.38 NA NA 0.80 
10 0.032 -3.07 97 0.04 0.84 
11 0.022 -1.85 85 0.02 0.94 
12 0.024 -1.72 71 0.02 0.91 
13 0.029 -2.31 79 0.01 0.77 
14 0.020 -2.41 120 0.01 0.86 
15 0.032 -0.99 31 0.01 0.94 
16 0.017 -0.49 36 0.11 0.90 
17 0.022 -1.25 57 0.01 0.77 
18 0.027 -0.58 37 0.44 0.85 
19 0.028 -2.82 102 0.01 0.92 
20 0.017 -0.68 45 0.06 0.89 
21 0.010 -1.25 124 0.01 0.81 
22 0.013 -0.17 NA NA 0.56 
23 0.019 -2.68 149 0.11 0.77 
24 0.015 -0.65 43 0.00 0.64 
25 0.016 -2.44 157 0.04 0.76 
26 0.013 -1.27 98 0.02 0.92 
27 0.018 -1.63 100 0.15 0,76 
28 0.019 0.96 NA NA 0.78 
29 0.010 -1.53 158 0.01 0.84 
30 0.009 0.01 NA NA 0.89 
mean 0.022 -1.16 86 0.11 0.84 
®I.P.-intersection point between linear and plateau lines; NA-not 
applicable because linear model was used. 
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Table 6. Parameters for within site-year models relating grain yields to 
stalk NO3" concentrations 
LRP model relating grain yield to stalk NO3"" 
Site-
year slope Intercept I.P. Plateau R2 
g N/kg kg/ha g N/kg 
1 MF MF MF MF MF 
2 5.4 3.96 0.52 6.8 0.68 
3 0.2 7.75 5.57 9.1 0.39 
4 MF MF MF MF MF 
5 MF MF MF MF MF 
6 MF MF MF MF MF 
7 MF MF MF MF MF 
8 0.5 3.92 3.04 5.5 0.57 
9 MF MF MF MF MF 
10 204.4 4.10 0.03 9.5 0.90 
11 54.6 6.36 0.08 10.7 0.75 
12 2.7 10.62 0.71 12.5 0.48 
13 28.9 7.17 0.16 11.7 0.72 
14 38.6 8.96 0.07 11.7 0.58 
15 0.4 5.49 6.55 7.8 0.73 
16 5.1 5.58 0.28 7.0 0.41 
17 72.3 7.22 0.05 11.8 0.70 
18 150.3 8.40 0.02 11.9 0.67 
19 80.6 6.23 0.04 9.2 0.64 
20 MF MF MF MF MF 
21 31.7 6.80 0.09 9.8 0.55 
22 13.8 8.79 0.15 10.9 0.56 
23 52.3 5.96 0.09 10.6 0.60 
24 26.5 8.86 0.08 10.9 0.62 
25 84.5 6.11 0.06 11.0 0.71 
26 51.1 9.66 0.05 12.0 0.56 
27 89.1 8.26 0.03 11.1 0.48 
28 0.4 10.65 2.46 11.7 0.22 
29 70.7 5.34 0.04 8.1 0.65 
30 MF MF MF MF MF 
mean 48.4 7.10 0.92 9.9 0.60 
*C.C.-critical concentration of stalk NO3"; MF-model failed to fit. 
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Table 7. Parameters for within s ite-year models relating economic optimum 
rate of N fertilization to stalk NO3" concentration at economic 
optimum 
QRP model relating grain yield to N Rate" 
Site-year R2 E.O. O.C. 
kg/ha g N/kg 
1 MF 0 0.19 
2 0.89 274 4.48 
3 0.61 132 4.08 
4 0.27 218 5.61 
5 MF 0 0.46 
6 0.30 166 2.78 
7 MF 0 1.49 
8 0.65 206 4.25 
9 MF 0 1.38 
10 0.91 176 2.59 
11 0.90 207 2.70 
12 0.67 187 2.86 
13 0.95 172 2.77 
14 0.85 190 1.40 
15 0.86 307 8.87 
16 . 0.46 104 1.25 
17 0.84 173 2.58 
18 0.50 132 3.03 
19 0.83 149 1.30 
20 0.41 61 0.34 
21 0.88 241 1.20 
22 0.31 137 1.56 
23 0.92 198 1.01 
24 0.75 95 0.82 
25 0.80 219 1.01 
26 0.70 170 0.97 
27 0.46 111 0.34 
28 0.24 113 3.07 
29 0.77 251 0.91 
30 MF 0 0.01 
mean 0.67 146 2.18 
"Economic Optimum (E.O.) was determined using a fertilizer-to-corn 
price ratio of 3.36, which is consistent with values of $ 98/Mg ($ 2.50/bu) 
for corn and $ 0.33/kg ($0.15/lb) for fertilizer; MF-model failed to fit; 
O.C.-stalk NO3" concentration corresponding to economic optimum. 
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Figure 3. Pooled relationship between relative yields and stalk NO3" 
concentrations (a) all site-years in the present study, (b) all 
site-years from the present study and the previous study 
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corresponding to economic optimum rates of fertilization. Use of the same 
techniques indicated optimal ranges of 0,45 to 2.18 g N/kg for the present 
study (Fig. 3a) and 0.35 to 2.05 g N/kg for data from the present plus the 
previous study (Fig. 3b). 
The optimal ranges discussed in the previous paragraph correspond to a 
fairly wide range in rates of N application. For example, the range 
reported by Binford et al, (1990) corresponded to 100 to 181 kg N/ha of 
fertilizer applied. To learn more about the risks and benefits of making 
the range narrower, I calculated the effects of various alternative 
critical concentrations on net returns to N fertilizers in scenarios that 
included all site-years described in the present and previous studies. The 
scenarios considered corn and fertilizer prices that generally bracket 
those prevailing in the Corn Belt during the past two decades. The 
results, shown in Fig. 4, indicate that net returns to fertilization were 
only slightly influenced by choice of a critical concentration over a 
fairly wide range of alternative critical concentrations. However, the 
range that could be considered optimal tended to change with fertilizer and 
corn prices. 
The data presented in Fig. 4 indicate that the lower end of the 
optimal range identified by Binford et al. (1990) may be too low for prices 
prevailing in the Corn Belt. Indeed, these authors reported a 5.5% 
increase in yields within the optimal range and indicated that 
fertilization within this range would be profitable with inexpensive forms 
of N fertilizer. Iterative regression analyses performed on the pooled 
relationship in Fig. 3b revealed that 0.70 g N/kg was the highest NO3" 
concentration at which relative yields were not significantly (P < 0.05) 
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($ 98/Mg and $ 79/kg) and two fertilizer prices ($ 0,33/kg and 
$ 0.66/kg). 
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different from plateau yields. Given data presented in Fig, 4 and 
elsewhere in this report, I believe that this would be an appropriate 
critical concentration when N fertilizers are relatively expensive within 
the range of prices that have prevailed in the Corn Belt. A critical 
concentration of about 2.0 g N/kg seems appropriate when N fertilizers are 
relatively inexpensive compared to prices that have prevailed in the Corn 
Belt. An optimal range of 0.7 to 2.0 g N/kg corresponds to mean rates of 
fertilization ranging from 95 to 158 kg N/ha. This range could be narrowed 
if the prices of fertilizer and corn are known. 
Stalk NOg" concentrations at rates of fertilization Identified as 
optimal by analysis of yield response curves (Table 7) often were higher 
than the optimal range of the stalk NO3" test. To explore this potential 
problem, I constructed figures in which the optimal range of concentrations 
were imposed on the observed relationships between grain yields and N 
applied at each site-year (Fig. 5). The resulting figures suggest that 
this problem sometimes results from an incorrect identification of economic 
optimum rates of fertilization. At site-year 4, for example, the N rate 
identified as being economic optimum (218 kg N/ha) seemed, less appropriate 
than the range indicated by the stalk NO3" test; calculations showed that 
the rates of fertilization that resulted in stalk NO3" concentrations 
within the optimal range were more profitable than the rate indicated as 
being economic optimum. Overall, the results show that the stalk NO3" test 
was at least as reliable as analyses of yield response to identify optimal 
rates of N fertilization. This is not surprising in view of the marked 
disagreement between models commonly used to identify economic optimum 
rates of fertilization from yield response curves (Cerrato and Blackmer, 
Figure 5. Relationship between yields and fertilizer N applied at each 
site-year. Vertical lines represent the N fertilization rates 
that correspond to stalk NO3" concentrations of 0.7 and 2.0 g 
N/kg 
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1990b). 
Stalk NO3" concentrations at economic optimum rates of N fertilization 
(Table 7) tended to be higher in the drier years (1988 and 1989) than in 
the wetter year (1990), Statistical analyses showed that the concentration 
of stalk NO3" at economic optimum tended to decrease with increases in 
amounts of July rainfall (r - -0.39; P < 0.03). A similar relationship 
occurred between the LRP critical concentration and amounts of July 
rainfall (r - -0.45; P < 0.04). However, the predictabilities of the 
relationships were poor and deletion of only 2 of the 30 site-years made 
the relationships statistically nonsignificant (P < 0.05). Moreover, 
significant relationships were not observed for rainfall in June, August, 
September, or June through September. I conclude, therefore, that 
adjustments in critical concentration for rainfall would be much less 
beneficial than adjustments for prices of corn and fertilizer. 
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PART IV. VISUALLY RATING THE N STATUS OF CORN 
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INTRODUCTION 
Deficiencies of N during the growth of corn result in firing, the 
premature death of lower leaves. The death of each leaf progresses from 
the tip to the stalk and is preceded by a change from green to yellow. The 
death of leaves progresses up the stalk as the plant matures and the number 
of leaves affected at any stage of maturity tends to increase with the 
severity of the deficiency. Most corn producers associate firing with N 
deficiencies and utilize firing as a convenient indicator of N status, 
Although firing is commonly used to evaluate N status of corn in 
production agriculture, there have been few systematic studies of 
relationships between firing and corn N status. Lack of interest in such 
studies probably is best explained by widespread recognition that amounts 
of firing in corn are influenced by moisture availability and other factors 
in addition to N availability. Also, tissue analysis has been generally 
accepted as a superior tool for evaluating N status. Nevertheless, strong 
correlations between grain yields and numbers of N-deficient leaves on 
plants have been reported (Viets et al,, 1954) and recommendations from 
Cornell University (Cox et al., 1986) have utilized firing as an indicator 
of N status. The need for systematic studies of the relationships between 
firing and N status is underscored by a seeming lack of studies 
demonstrating that commonly used tissue analyses are superior to visual 
rating when evaluating the N status of corn. 
Here I report recent studies of relationships between firing and corn 
yields in Iowa. The studies were done concurrently with evaluations of 
tissue tests based on concentrations of N in whole young plants (Binford et 
al., 1992a), ear leaves at silking (Cerrato and Blackmer, 1991), grain at 
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maturity (Cerrato and Blackmer, 1990a) and lower stalks at maturity 
(Binford et al., 1990, 1992b), 
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MATERIALS AND METHODS 
This study utilized N response trials conducted at 43 site-years in 
Iowa during 1986, 1987, 1988, 1989, and 1990 (Tables 1, 2, and 3). Yields 
and leaf N concentrations for some of these site-years have been previously 
reported by Cerrato and Blackmer (1990b, 1991). All site-years involved 10 
rates of N (0, 25, 50, 75, 100, 125, 150, 200, 250, and 300 lb/acre) 
applied as (NH^ )2S0/| in three replications. The plots were 40 by 15 ft 
(six 30-in rows) or 40 by 12.7 ft (four 38-in rows) and were arranged in 
randomized complete block designs. Phosphorus was applied at 27 lb P/acre 
as triple superphosphate, and K was applied at 49 lb K/acre as KCl. To 
avoid possible responses to S from the (NH^ )2S04 fertilizer, CaSO^ «2H2O was 
applied to the 0, 25, 50, and 75 lb N/acre treatments so that the total 
amount of S applied to each plot was at least equal to that applied with 
the 100 lb N/acre (NH4)2S0/i treatment. All fertilizers were broadcast and 
incorporated shortly before planting. Corn was usually planted during the 
last week of April or the first week of May at rates of 24,000 to 29,000 
seeds/acre. Grain yields were determined by hand harvesting segments of 
the center two rows of each plot (25-ft segments in 1986, 1987, 1988 and 
1989; 20-ft segments in 1990). Grain yields were adjusted to 15.5% 
moisture content. Other than fertilizer application and grain harvest, all 
plots were managed by practices commonly used in production agriculture. 
Leaf ratings for corn plants are defined here as the average number of 
green leaves below the primary ear (not including the primary-ear leaf). 
Adjusted leaf ratings are defined here as leaf ratings on plants within a 
test area subtracted from the highest leaf rating that can be attained by 
adding N fertilizers under otherwise similar conditions. When counting the 
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Table 1. Soil descriptions at each experimental location® 
Location Series Subgroup PH N P K 
sAs -- mg/kg --
Ames 1 Nicollet Aquic Hapludoll 5.3 2.8 65 178 
Ames 2 Canisteo Typic Haplaquoll 5.3 2.1 25 108 
Marengo Nevin Aquic Argiudoll 5.6 2.1 27 180 
Kalona Bremer Typic Argiaquoll 6.5 2.0 108 254 
Ida Grove Marshall Typic Hapludoll 5.4 1.6 22 150 
Holstein Galva Typic Hapludoll 5.8 2.2 19 176 
Kensett Crippin Aquic Hapludoll 7.9 3.0 13 122 
Badger Canisteo Typic Haplaquoll 7.8 3.3 5 132 
Nashua Readlyn Aquic Hapludoll 5.8 1.6 15 114 
Wapello Titus Fluvaquentic Haplaquoll 6.3 1.9 34 178 
Wyman Mahaska Aquic Argiudoll 5.3 1.9 16 176 
Calumet Primghar Aquic Hapludoll 5.8 2.1 8 167 
Waverly 1 Tripoli Typic Haplaquoll 6.7 2.2 46 109 
Waverly 2 Readlyn Aquic Hapludoll 6.1 2.0 34 81 
Gunder Fayette Typic Hapludalf 6.5 1.2 12 110 
Luana Fayette Typic Hapludalf 6.7 1.4 30 104 
Postville Fayette Typic Hapludalf 6.9 1.0 47 123 
®N-Total Kjeldahl-N; P-Bray-1 extractable; K-exchangeable K. 
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Table 2. Individual site-year information for site-years 1 to 22 
Rainfall amounts" 
Site- Previous Corn April June Aug. 
year Year Location crop Hybridf May July Sept. 
- - in - -
1 1986 Ames 1 Corn P3475 10.7 12.0 10.5 
2 1986 Ames 2 Corn P3475 10.7 12.0 10.5 
3 1987 Marengo Corn G8344 4.2 6.6 9.7 
4 1987 Kalona Corn P3377 10.3 5.1 8.0 
5 1987 Kalona Soybean P3377 10.3 5.1 8.0 
6 1987 Ames 1 Corn P3475 5.8 7.8 14.7 
7 1987 Ames 2 Corn P3475 5.8 7.8 14.7 
8 1987 Ida Grove Corn P3475 7.8 9.5 7.7 
9 1987 Holstein Corn P3475 5.0 10.6 7.5 
10 1987 Holstein Soybean P3475 5.0 10.6 7.5 
11 1987 Kensett Corn P3475 2.8 7.3 5.1 
12 1987 Kensett Soybean P3475 2.8 7.3 5.1 
13 1988 Kalona Corn P3377 1.9 1.3 9.1 
14 1988 Kalona Soybean P3377 1.9 1.3 9.1 
15 1988 Holstein Corn P3475 3.8 5.8 10.5 
16 1988 Holstein Soybean P3475 3.8 5.8 10.5 
17 1988 Badger Com P3475 4.6 4.8 9.5 
18 1988 Badger Soybean P3475 4.6 4.8 9.5 
19 1988 Kensett Corn P3475 4.5 3.5 9.4 
20 1988 Kensett Soybean P3475 4.5 3.5 9.4 
21 1988 Nashua Corn P3732 3.7 4.6 6.1 
22 1988 Nashua Soybean P3732 3.7 4.6 6.1 
"P-Pioneer, G-Garst, 
''Total rainfall in two-month increments. 
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Table 3. Individual site-year information for site-years 23 to 43 
Rainfall amounts® 
Site-
year Year Location 
Previous 
crop 
Corn 
Hybrid" 
April 
May 
June 
July 
Aug. 
Sept. 
-- in 
23 1988 Wapello Soybean P3377 3.0 3.4 5.7 
24 1988 Waverly 1 Corn P3475 3.8 3.4 5.1 
25 1988 Waverly 2 Corn P3475 3.8 3.4 5.1 
26 1989 Gunder Corn P3475 6.9 3.5 9.1 
27 1989 Luana Corn LL648 6.9 3.5 9.1 
28 1989 Postville Corn P3475 6.9 3.5 9.1 
29 1989 Badger Corn P3475 6.3 9.4 6.5 
30 1989 Badger Soybean P3475 6.3 9.4 6.5 
31 1989 Kensett Corn P3475 4.1 5.9 5.7 
32 1989 Kensett Soybean P3475 4.1 5.9 5.7 
33 1989 Nashua Corn P3732 5.4 4.1 4.1 
34 1989 Nashua Soybean P3732 5.4 4.1 4.1 
35 1990 Kalona Corn P3379 8.5 17.3 8.1 
36 1990 Hblstein Corn P3475 9.9 17.6 2.5 
37 1990 Badger Corn P3467 9.9 18.6 4.9 
38 1990 Kensett Corn P3475 8.9 15.4 14.8 
39 1990 Kensett Soybean P3475 8.9 15.4 14.8 
40 1990 Nashua Corn P3578 8.3 20.3 9.8 
41 1990 Nashua Soybean P3578 8.3 20.3 9.8 
42 1990 Wyman Corn P3379 7.0 13.0 6.8 
43 1990 Calumet Corn DK535 4.2 12.7 4.4 
®P-Pioneer, DK-Dekalb, LL-Land 0'Lakes. 
"Total rainfall in two-month increments. 
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number of green leaves on a plant, each leaf was given a value of 1, 3/4, 
2/3, 1/2, 1/3, 1/4, or 0 indicating the portion of the leaf that was green. 
For example, a leaf that was completely green was given the value of one, 
while a leaf that was one-third green and two-thirds yellow was given a 
value of one-third. Mean leaf ratings for a plot was determined by 
counting green leaves on 10 randomly selected plants. The highest leaf 
rating that could be attained by adding N fertilizer within a trial was 
always the mean leaf rating for the 250 and 300 lb/acre plots. Leaf rating 
was based on the number of green leaves, rather than the number of dead 
leaves, because leaves that die early in the season fall from the plant and 
cannot be detected later in the season. 
Leaf ratings were linked to the physiological age of com plants by 
using the rating system of Ritchie and Hanway (1984). With this system, R1 
is the silking stage, R2 is the blister stage, R3 is the milk stage, R4 is 
the dough stage, R5 is the dent stage, and R6 is the physiological mature 
stage. In 1986, leaf ratings were taken at the Rl, R3, R4, and R5 stages. 
In 1987, leaf ratings were taken at Rl and then every 3 or 4 days until the 
R5 stage. In 1988, leaf ratings were taken around Rl or R2 and then were 
taken again at R4 or R5. In 1989, leaf ratings were taken at Rl and then 
every 5 or 6 days until the R5 stage. In 1990, leaf ratings were taken 
either once or twice from each site at the R4 or R5 stage because this was 
believed to be the best time for rating based on previous results. All 
comparisons in this paper among leaf ratings over time include data from 
1986, 1987, and 1989 only. 
Leaf samples (entire leaf blades opposite and below the primary ear) 
were randomly collected from 16 plants within the center rows of plots whe.n 
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about 75% of the silks had emerged. Leaf samples were dried at 140 ®F, 
ground in a Wiley mill to pass a 0.04-in screen, and then ground in a 
Cyclone mill (Udy model SF, Fort Collins, CO) to pass a 0.02-in screen. 
The permanganate-reduced Fe modification of the Kjeldahl procedure (Bremner 
and Mulvaney, 1982) was used to determine the total-N concentration of 
oven-dried leaf samples. Leaf samples were only taken in 1986, 1987, and 
1989. 
A quadratic-response-and-plateau (QRP) model was used to describe the 
relationship between grain yields and fertilizer N applied at each site-
year. This model was recently identified as being the most appropriate of 
commonly used models (Cerrato and Blackmer, 1990b). A linear-response-and-
plateau (LRP) model was used to describe the relationship between yields 
and leaf N concentrations; Cerrato and Blackmer (1991) showed that this 
model was appropriate for this relationship. Linear models were fit to the 
relationships between yields and leaf ratings. The QRP and LRP models were 
fit by using the NLIN procedure, the linear models were fit by using the 
GIM procedure, and the analyses of variance were performed by using the 
ANOVA procedure of the SAS statistical package (SAS Institute, 1988). 
Economic optimum rates of fertilization were calculated by setting the 
first derivative of the curved portion of the QRP model equal to a 
fertilizer : corn price ratio of 3.36 (cost of 1 lb of N fertilizer : value 
of 1 lb of grain) and solving for the fertilizer rate that corresponded to 
this value (Heady et al., 1955; Cerrato and Blackmer, 1990b). 
In this paper, the term "relative yield" denotes yield expressed as a 
percentage of the plateau yield from the QRP model relating yield to 
fertilizer N applied within each site-year. If the QRP model could not 
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significantly (P < 0.05) describe the relationship between yield and 
fertilizer N, then relative yield denotes yield expressed as a percentage 
of the mean of the four highest-yielding N-treatment means within a site-
year. 
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RESULTS AND DISCUSSION 
This study included a range in rainfall conditions that encompasses 
the range normally expected in Iowa (Tables 2 and 3). Rainfall in 1986 
tended to be near long-term averages. Rainfall in the spring of 1987 was 
below long-term averages, but rainfall during the second half of the season 
was adequate for near-average yields at most sites. A severe drought in 
1988 caused severe yield reductions at most sites. Timely rainfalls and 
cool weather in 1989 enabled near-average yields with less-than-average 
rainfall at most sites. Average to excessive amounts of rain occurred at 
most sites in 1990, and yields were near-average at most sites. 
Within site-years, the predictabilities (R^  values) of the 
relationships between grain yields and leaf ratings tended to be about as 
good as those for the relationships between grain yields and rates of N 
fertilization (Tables 4 and 5). Across all sites where leaf ratings were 
done at the R3 stage, for example, the mean R^  value for leaf ratings was 
0.72 and the mean R^  value for grain yields was 0.74. The R^  values 
observed for leaf ratings also tended to be about as good as those observed 
for leaf N concentrations. These findings indicate that leaf firing 
deserves attention as an indicator of N status in corn because yield 
response measurements are usually considered to be the standard for 
defining the N status of corn and because leaf N concentrations serve as 
the basis for the tissue test most commonly used to evaluate the N status 
of corn. The value of a tool for evaluating N status, however, is 
determined more by its ability to function across a reasonable range of 
conditions than by its ability to function within individual fields. 
The abilities of leaf N concentrations, leaf ratings, and adjusted 
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Table 4. Parameters for within site-year models relating grain yields to 
leaf ratings at selected growth stages at site-years 1 to 22 
Linear models relating yields to leaf ratings® 
Yield* 
Site- Stage R1 Stage R3 Stage R5 
year Slope Int Slope Int R^  Slope Int R^  Leaf N 
1 (0.82)° 28.7 
bu/ac 
-16.6 0 .85 19.3 
bu/ac 
59.2 0 .88 20.7 
bu/ac 
80.9 0 .83 0.60 
2 (0.91) 36.1 -66.3 0 .88 25.2 27.2 0 .94 28.4 60.0 0 .85 0.72 
3 (0.77) 22.3 17.0 0 .53 22.2 43.6 0 .58 ND ND ND 0.36 
4 (0.20) 16.8 22.5 0 .26 12.9 59.3 0 .37 12.1 85.2 0 .50 NS 
5 (NS) ND ND ND NS NS NS NS NS NS NS 
6 (0.75) 20.4 0.2 0 .15 22.4 13.2 0 .48 23.0 43.1 0 .64 0.47 
7 (0.92) 29.6 -50.2 0. 86 24.8 -5.2 0 .88 22.8 39.3 0 .88 0.47 
8 (0.88) 27.0 -42.5 0, ,61 31.8 -60.6 0 .64 32.2 -46.7 0 .71 0.69 
9 (0.89) 23.5 -25.6 0, .76 24.0 -19.6 0 .83 26.0 -9.6 0 .85 0.76 
10 (0.83) 15.4 46.4 0, ,59 16.2 50.0 0 .58 22.0 33.8 0 .62 0.29 
11 (0.82) 24.5 18.7 0, ,72 25.2 33.9 0 .79 25.5 64.1 0 .77 0.46 
12 (0.61). 19.1 43.9 0. ,71 17.6 69.2 0, .71 17.8 91.0 0, .66 0.50 
13 (NS) 10.3 -10.6 0. 20 ND ND ND 12.0 25.0 0, ,49 ND 
14 (NS) NS NS NS ND ND ND 19.8 12.3 0. ,37 ND 
15 (0.89) 22.7 -71.7 0. 79 ND ND ND 19.0 33.5 0. ,85 ND 
16 (0.61) 13.1 20.1 0. 28 ND ND ND 9.4 83.4 0. 34 ND 
17 (0.27) 4.4 31.9 0. 20 ND ND ND 8.4 36.8 0.40 ND 
18 (NS) NS NS NS ND ND ND NS NS NS ND 
19 (0.30) 11.8 7.2 0. 32 ND ND ND 18.8 35.4 0. 79 ND 
20 (NS) NS NS NS ND ND ND 11.7 30.1 0. 37 ND 
21 (0.65) 20.8 -58.9 0. 62 ND ND ND 12.6 38.4 0. 58 ND 
22 (NS) 5.9 63.0 0. 20 ND ND ND NS NS NS ND 
°Int-intercept; ND-not determined; NS=not significant (P < 0.05). 
*R^  value for the IRP model relating grain yields to leaf N 
concentrations. 
°R^  value for the QRP model relating grain yields to fertilizer N 
applied. 
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Table 5. Parameters for within site-year models relating grain yields to 
leaf ratings at selected growth stages at site-years 23 to 43 
Linear models relating yields to leaf ratings' 
Site-
year 
Stage R1 Stage R3 Stage R5 
Slope Int Slope Int R^  Slope Int R^  
Yield'' 
vs. 
Leaf N 
23 (NS)° NS 
bu/ac 
NS NS ND 
bu/ac 
ND ND NS 
bu/ac 
NS NS ND 
24 (0 .38) 7.2 50.8 0 .48 ND ND ND 26.9 77.2 0.71 ND 
25 (NS) 15.2 -38.0 0 .29 ND ND. ND 11.1 44.4 0.41 ND 
26 (0.44) 9.6 106.2 0 .42 11.1 105.0 0.48 11.6 108.4 0.46 0 .48 
27 (0 .24) 9.0 108.0 0 .19 7.5 124.6 0 .18 8.6 122.9 0.23 0 .24 
28 (NS) NS NS NS NS NS NS NS NS NS NS 
29 (0 .90) 33.0 -90.9 0 .92 20.6 40.9 0 .90 20.7 61.2 0.86 0 .944 
30 (0 .67) 26.1 -7.5 0 .35 20.3 76.1 0 .58 19.2 98.0 0.58 0 .68 
31 (0, .95) 24.5 -11.0 0 .90 17.6 74.0 0 .86 17.5 94.2 0.79 0 .91 
32 (0, .85) 22.8 8.7 0 .88 14.3 98.2 0 .86 14.3 110.7 0.81 0.91* 
33 (0, .86) 12.0 25.9 0 .79 12.4 52.9 0 .86 14.7 71.1 0.81 0 .78* 
34 (0.46) 8.1 52.7 0, .34 10.1 63.0 0 .50 14.4 72.6 0.44 0 .42 
35 (0. ,84) ND ND ND 39.6 -52.0 0, .83 34.5 -2.6 0.84 ND • 
36 (0. 83) ND ND ND ND ND ND 15.9 60.5 0.76 ND 
37 (0. ,88) ND ND ND 26.1 19.9 0, ,81 ND ND ND ND 
38 (0. 92) ND ND ND 24.3 42.5 0, ,88 26.7 54.5 0.85 ND 
39 (0. 75) ND ND ND 15.2 93,0 0, 77 ND ND ND ND 
40 (0. 80) ND ND ND 24.7 56.0 0. 88 25.3 66.8 0.88 ND 
41 (0. 70) ND ND ND ND ND ND 24.4 75.2 0.81 ND 
42 (0.46) ND ND ND 18.3 64.0 0. 74 21.5 62.0 0.77 ND 
43 (0. 77) ND ND ND 18.5 58.5 0. 88 ND ND ND ND 
°Int-intercept; ND-not determined; NS-not significant (P < 0.05). 
''R^  value for the LRP model relating grain yields to leaf N 
concentrations. 
°R^  value for the QRP model relating grain yields to fertilizer N 
applied. 
L^inear model. 
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leaf ratings to evaluate the N status of corn across a range of conditions 
are illustrated in Fig. 1, where N status is indicated by relative yields. 
Relative yields are Indices of N status because observed yields are 
expressed as percentages of the maximum yields that can be attained by 
adding N fertilizer under otherwise similar conditions. Relative yields, 
unlike absolute yields, provide a common index of N status when data from 
sites having different maximum yields are pooled into a single model 
(Binford et al., 1990; Cerrato and Blackmer, 1991). The R^  values for Fig. 
la and Ic, for example, would each be 0.41 if yields were expressed on an 
absolute basis. 
Data in Fig. 1 indicate that leaf N concentrations were better 
predictors of N status than were leaf ratings. However, they were not 
better than adjusted leaf ratings (i.e., adjusted relative to plants having 
adequate N under otherwise similar conditions). The relatively poor 
performance of leaf ratings in the pooled models supports the generally 
accepted idea that factors other than N deficiencies (e.g., moisture 
stresses, corn diseases, differences between hybrids) can influence amounts 
of firing. The relatively good performance of the adjusted leaf ratings is 
noteworthy because leaf ratings require much less time, effort, and expense 
than do leaf N analyses. Adjusted leaf ratings could be easily obtained in 
production agriculture if fields contained small areas where N was applied 
at rates known to be higher than needed to attain maximum yields. The 
presence of N excesses in these areas should not adversely influence 
ratings of N status because adjusted leaf ratings were not significantly 
influenced by the presence of N in excess of the amounts needed to attain 
maximum yields (Fig. Ic). 
Figure 1. Relationship between relative yields and (a) leaf N 
concentrations at silking, (b) absolute leaf ratings at stage 
R4, and (c) adjusted leaf ratings (data from 1986, 1987, and 
1989) 
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The inability of leaf ratings to detect excesses of N should be 
regarded as a significant limitation. Cerrato and Blackmer (1991) showed 
that leaf N analysis also has this problem and that it was exacerbated by 
the use of published critical concentrations of leaf N that often were 
significantly higher than attained when large excesses of N were applied. 
Use of such critical concentrations results in false reports of N 
deficiencies. Because adjusted leaf ratings are referenced to plants 
having adequate or excess N under otherwise similar conditions, false 
reports of N deficiencies should be less of a problem when using adjusted 
leaf ratings than when using leaf analysis for N. The inability of leaf 
ratings to detect excesses of N can be addressed by using the end-of-season 
cornstalk test (Binford et al., 1990, 1992b) on fields that show no signs 
of N deficiency. 
The use of adjusted leaf ratings significantly reduces problems caused 
by the tendency for leaf ratings to decrease with time between the R1 and 
the R5 stages at all rates of N application. The decreases were greater at 
the lower N rates than at the higher N rates, with an average decrease of 
2.4 leaves/plant for the plots without N applied and 2.0 leaves/plant for 
the plots with 300 lb N/acre applied. Analysis of variance revealed that 
the N rate-by-time interaction was significant (P < 0.05) at 17 of the 21 
site-years from which ratings were taken over time. Regression analyses 
showed that leaf ratings decreased by an average of one leaf every 12.0 
days on unfertilized plots, one leaf every 13.7 days on plots receiving 150 
lb N/acre, and one leaf every 13.4 days on plots receiving 300 lbs N/acre. 
The leaf ratings on plots with adequate N were usually between 6 and 8 
leaves at the R1 stage. These observations support the conclusion that. 
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although use of adjusted leaf ratings may have merit, casual observations 
of firing are not a reliable indicator of N status. 
Data in Fig. 2 suggest that leaf ratings provide slightly greater 
sensitivity when performed at stages R3 to R5 than at stage Rl. Normal 
death of leaves with maturation prohibits use of leaf ratings at later 
stages of development. When averaged over all observations from the 21 
site-years evaluated over time, there was a 14.1% decrease in final grain 
yields for each leaf below maximum at Rl, a 11.5% decrease at R2, a 11.4% 
decrease at R3, a 11.2% decrease at R4, and a 11.5% decrease at R5. The 
relationships shown in Fig. 2 can be used to estimate yield losses 
associated with lack of N in situations where leaf ratings are done at 
known stages of maturity. 
Figure 3 shows relationships between adjusted leaf ratings and rates 
of N fertilization expressed relative to optimal rates of fertilization 
(i.e., N rate applied minus economic optimum N rate within each site-year). 
These relationships could be used to estimate the amounts of fertilizer 
that would have been needed, but site-to-site variations in N fertilizer 
requirements severely limit the practical value of such estimates. An 
important point illustrated by this figure is that there seems to be no 
"hidden hunger" at the later stages of development; yield decreases tended 
to occur only where N-induced firing was also observed. Viets et al. 
(1954) reported that yield decreases occurred before N-induced firing and 
suggested that this was possibly a result of hidden hunger. It is 
noteworthy, however, that they defined optimal N status by using the 
quadratic model to describe the relationship between leaf N concentrations 
and fertilizer N applied. Also, Cerrato and Blackmer (1991) showed that 
Figure 2. Relationship between relative yields and adjusted leaf ratings 
at stage Rl, R3, and R5 from the 21 site-years where leaf 
ratings were evaluated over time in 1986, 1987, and 1989 
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the quadratic model tends to overestimate critical concentrations of N in 
leaves (i.e., the concentration below which yield reductions should be 
expected). Data presented by Viets et al. (1954) showed that N-induced 
firing tended to occur only when leaf N concentrations were below 2.28%, 
which is close to the critical concentration of leaf N Cerrato and Blackmer 
(1991) found by using the LRP model. Their conclusion that hidden hunger 
occurred was based on the assumption that yield reductions should be 
expected when leaves have N concentrations less than 2.83%. 
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FART V. LATE-SPRING DISTRIBUTIONS OF N-15 IN SOILS OF IOWA CORNFIELDS 
Ill 
INTRODUCTION 
The late-spring soil NO3" test has recently been identified as a 
promising tool for managing N in Iowa cornfields (filackmer et al., 1989; 
Binford et al., 1992). Recommended use of this soil test involves applying 
some N fertilizer (half to two-thirds of normal recommendations) before 
planting and then determining NO3" in the surface 30-cm layer of soil when 
corn plants are 15 to 30 cm tall. The time of sampling is selected to be 
late enough to reflect the effects of spring weather on soil NO3" 
concentrations, but early enough to add more N fertilizer if needed. 
Studies have shown that, by guiding site-specific adjustments in N 
fertilizer recommendations, the test enables reductions in rates of N 
fertilizer application without decreasing corn yields (Blackmer et al., 
1991). These reductions are desirable because they increase profitability 
for the producer and decrease environmental problems associated with use of 
N fertilizers. 
The potential benefits of using the late-spring soil test are 
determined by many factors, one of which relates to the amounts of 
fertilizer N lost during the spring and the variability in these amounts. 
Late-spring adjustments in fertilizer applications would offer little 
advantage over preplant fertilization in situations where only small 
amounts of N are lost during the spring or where losses vary little from 
site to site and year to year. Although it is generally recognized that 
significant amounts of fertilizer N can be lost from cornfields during the 
first few weeks after preplant applications, there is a lack of 
quantitative estimates of the magnitude and the variability of losses 
normally occurring in Iowa. This problem is, of course, closely linked to 
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a lack in knowledge concerning the variability in concentrations of late-
spring NO3" derived from sources other than recently applied fertilizers in 
cornfields receiving normal applications of N fertilizer. 
Here I report results of tracer studies conducted on 414 plots 
over a period of four years to leam more about (1) the transformations, 
movements, and losses of fertilizer N normally expected in Iowa cornfields 
during the first few weeks after preplant application, and (2) the 
concentrations of soil NO3" in these fields that were derived from sources 
other than the fertilizer applied that year. The information gathered in 
these studies is needed to establish basic relationships between the 
performance of the soil test and the transformations and movements of N in 
soils under field conditions. These studies were conducted concurrently 
with correlations of the late spring soil test (Binford et al., 1992), 
measurements of recovery of fertilizer N in crops (Binford and Blackmer, 
1991), and laboratory studies of mineralization, immobilization, and 
turnover of N during the decomposition of plant residues in these soils 
(Green and Blackmer, 1991). 
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MATERIALS AND METHODS 
This study utilized N response trials conducted at various locations 
in Iowa during 1986, 1987, 1988, and 1989 (Table 1). Most of these 
response trials involved side-by-side comparisons of com after corn and 
corn after soybean. Three rates of N (56, 112, and 168 kg/ha) were applied 
as (NH4)2S04 in three replications. All fertilizers were broadcast and 
incorporated shortly before planting (Table 2). This study utilized main 
plots and subplots within the main plots. The main plots were 12.2 by 
4.6 m (six 76-cm rows) or 12.2 by 3.9 m (four 97-cm rows) and were arranged 
in randomized complete-block designs. "N-labeled (^4)2804 (2 to 4 atom % 
%^) was substituted for nonlabeled (^ 4)280^  on the subplots (four rows by 
2.3 m), which were established at different locations each year within the 
main plots (i.e., was never applied to a subplot that had received 
in a previous year). 
Samples were collected from the 0- to 15-cm, 15- to 30-cm, 30-to 60-
cm, 60- to 90-cm, 90- to 120-cm, and 120- to 150-cm layers of soil in each 
subplot when corn plants were 15 to 30 cm tall (Table 2). Samples were 
taken at this time to correspond with the time of sampling for the late-
spring soil NO3" test (Blackmer et al., 1989; Binford et al., 1992; Part I 
of this dissertation). Each sample consisted of seven cores (3.2-cm diam. 
to 60 cm and 1.7-cm diam. below 60 cm) from each layer of soil. Soil 
samples taken in 1986, 1987, and 1988 were air-dried in a greenhouse, and 
samples taken in 1989 were dried in a forced-air oven at 49°C. After 
drying, the samples were ground to pass a 2-mm sieve, extracted with 2 M 
KCl using a 5:1 solution/soil ratio, filtered through Whatman no. 5 paper, 
and analyzed for exchangeable and NO^'-N by using a MgO-Devarda alloy 
114 
Table 1. Soil descriptions at each experimental location 
Location Series Subgroup Sand Silt Clay 
Kalona Bremer Typic Argiaquoll 2, .1 
... % .. 
70.2 27.7 
Holstein Galva Typic Hapludoll 1. ,7 62.8 35.5 
Badger Canisteo Typic Haplaquoll 24, ,4 47.7 28.0 
Kensett Crippin Aquic Hapludoll 21. 1 50.9 28.1 
Nashua Readlyn Aquic Hapludoll 31. 8 44.4 23.9 
Wapello Titus Fluvaquentic Haplaquoll 17. 0 50.8 32.2 
Marengo Nevin Aquic Argiudoll 13. 3 64.3 22.5 
Ames 1 Nicollet Aquic Hapludoll 32. 6 42.1 25.3 
Ames 2 Clarion Typic Hapludoll 38. 7 38.1 23.3 
Ida Grove Marshall Typic Hapludoll 1. 7 64.6 33.7 
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Table 2. Dates of fertilizer application, dates of soil sampling, and 
total rainfall between these dates 
Date of Date of 
Location Year Application Sampling Rainfall 
- nun ~ 
Marengo 1986 April 19 May 31 250 
Kalona 1986 April 20 May 23 162 
Ames 1 1986 May 7 June 10 163 
Ames 2 1986 May 7 June 10 163 
Ida Grove 1986 May 3 June 7 88 
Holsteln 1986 May 4 June 8 117 
Marengo 1987 April 12 May 30 102 
Ames 1 1987 April 30 June 5 105 
Ames 2 1987 April 30 June 5 105 
Ida Grove 1987 April 25 June 1 160 
Kalona 1987 April 11 May 20 121 
Holsteln 1987 April 26 June 2 93 
Badger 1987 April 25 May 29 74 
Kensett 1987 April 18 May 31 60 
Nashua 1987 April 24 May 31 70 
Wapello 1987 April 27 June 3 42 
Kalona 1988 April 9 May 25 28 
Holsteln 1988 April 24 June 3 65 
Badger 1988 April 17 June 2 97 
Kensett 1988 April 16 June 5 94 
Nashua 1988 April 16 May 31 74 
Wapello 1988 April 9 May 26 44 
Kalona 1989 April 15 June 6 235 
Holsteln 1989 April 22 June 2 76 
Badger 1989 April 16 June 2 147 
Kensett 1989 April 21 June 9 99 
Nashua 1989 April 14 June 5 135 
Wapello 1989 April 7 June 17 178 
116 
Table 3. Bulk densities for each soil depth at each location 
Bulk density values for each soil depth" 
Location 0-15 15-30 30-60 60-90 90-120 120-150 
Mg/m® 
Kalona 1 .30 1.29 1.32 1.36 1.40 1.43 
Holstein 1 .30 1.26 1.28 1.33 1.37 1.42 
Badger 1, .35 1.35 1.38 1.54 1.65 1.73 
Kensett 1, ,39 1.38 1.44 1.62 1.72 1.78 
Nashua 1, ,39 1.40 1.46 1.64 1.74 1.80 
Wapello 1. ,35 1.34 1.51 1.55 1.59 1.62 
Marengo 1. ro
 
00
 
1.27 1.30 1.34 1.38 1.41 
Ames 1 1. 39 1.34 1.37 1.54 1.64 1.73 
Ames 2 1. 45 1.42 1.47 1.62 1.71 1.78 
Ida Grove 1. 29 1.22 1.23 1.28 1.32 1.36 
"Depths are in centimeters. 
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steam distillation procedure (Keeney and Nelson, 1982). Also, Kjeldahl N 
was determined in the 0- to 15-cm, 15- to 30-cm, and 30- to 60-cm layers of 
soil by grinding the samples again to pass a 0.18-mm sieve and then using 
the permanganate-reduced Fe method to include NO^'-N (Bremner and Mulvaney, 
1982). Kjeldahl N was not determined at depths below 60 cm because of the 
cost involved and because it was initially assumed that there would be 
insignificant amounts of organic N in the lower depths. All 
calculations were performed as described by Sanchez and Blackmer (1988). 
The soil bulk density values that were used for calculating percentage 
recoveries of the fertilizer N applied are shown in Table 3. 
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RESULTS AND DISCUSSION 
The observed concentrations of labeled exchangeable indicate that 
nitrification of the fertilizer N was largely complete (Table 4 and Fig. 
1); the mean of all site-years indicated that only 5.0% (SD - 4.9%) of the 
N applied was recovered as exchangeable NH*'*'. Within individual site-
years , recoveries of N as exchangeable ranged from 0.7 to 18.6 % of 
that applied. Percentage recovery of N as exchangeable increased from 
3.1 to 4.7 to 7.3% as rates of N application increased from 56 to 112 to 
156 kg/ha (Fig. 2). Rate of N application had a significant effect on 
concentrations of labeled found at all depths, but previous crop had 
no significant effect on these concentrations. The concentrations clearly 
tended to decrease with depth below the soil surface, but labeled 
exchangeable NH^'^ was sometimes present at the lowest depth sampled (Fig. 
3, 4, 5, and 6). The presence of labeled NH^ '*' at the lowest depth sampled 
could be explained by preferential movement of water and NH^"*" through soil 
macropores (Priebe and Blackmer, 1989) or by contamination of samples from 
the lower depths with soil from upper depths. 
Concentrations of labeled NO3" were highest in the surface layer and 
tended to decrease with increasing depth below the soil surface (Table 5 
and Fig. 7). The mean of all site-years indicated that 37.4% (SD - 10.4%) 
of the N applied was recovered as NO3". Within individual site-years, 
recoveries of N as NO3" ranged from 21.8 to 62.1 % of that applied. 
Percentage recovery of N as NO3" increased from 34.3 to 38.5 to 39.4% as 
rates of N application increased from 56 to 112 to 156 kg/ha (Fig. 2). 
Means summarized in Table 5 show that rate of N application influenced 
labeled NO3" concentrations at all depths sampled. Previous crop had no 
Table 4. Mean concentration and standard deviation of labeled at each N rate for all site-years 
combined and for com after com and com after soybean site-years only 
Mean concentration and standard deviation of labeled for each depth 
Sites® N rate 0-15 cm 15-30 cm 30-60 cm 60-90 cm 90-120 cm 120-150 cm 
mg N/kg 
All 
CC 
56 0.4 ± 0.6 0.0 ± 0.1 0.0 ± 0,1 0.0 ± 0.1 0.0 ± 0.1 0.0 ± 0.1 
112 1.1 ± 1.7 0.1 ± 0.2 0.2 ± 0,3 0.1 ± 0.2 0.1 ± 0.2 0.2 ± 0.3 
168 3.1 ± 4.3 0.3 ± 0.6 0.3 ± 0,5 
CM d ± 0,4 0.3 ± 0.5 0.4 ± 0.8 
56 0.5 ± 0.8 0.0 ± 0.1 0.0 ± 0.1 0,0 ± 0.1 0.0 ± 0.1 0.1 ± 0.1 
112 1.2 ± 1.7 0.1 ± 0.1 0.1 ± 0.2 0.1 ± 0.2 0.1 ± 0.2 0.2 ± 0.3 
168 2.9 ± 4.2 0.2 ± 0.3 0.2 ± 0,4 0 . 2  ±  0 . 6  0.3 ± 0.6 0.5 ± 1.1 
56 0.3 ± 0.4 0. ,0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0,0 
o
 
d
 ± 0.1 
112 0.9 ± 1.0 0. 1 ± 0.1 0.1 ± 0,2 0.1 ± 0.2 0.1 ± 0.1 0,1 ± 0.3 
168 2.4 ± 3.1 0, .2 ± 0.4 0.2 ± 0,3 0.1 ± 0.2 0.2 ± 0.3 0,3 ± 0.5 
SC 
Statistical Data: 
All site-vears P > F 
N rate 0.0001 0.0001 0.0001 0.0001 0,0001 0,0004 
CC and SC site-vears only 
N rate 0.0001 0,0001 0.0001 0.0019 0,0001 0.0070 
PC" 0.2017 0.9297 0,7138 0.3470 0,3593 0.3575 
PC X N rate 0.9283 0.9253 0.9531 0.5477 0,9241 0,7324 
®All - 46 site-years; CC - 18 com after com site-years; SC - 18 com after soybean site-years, 
"PC = Previous crop. 
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Figure 1. Mean concentration distribution of labeled and nonlabeled in the 150-cm soil profile 
for all site-years when 56, 112, and 168 kg N/ha was applied 
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Figure 2. Mean recovery by depth of labeled fertilizer as NO3" and in the ISO-cm soil profile 
for all site-years when 56, 112, and 168 kg N/ha was applied 
Figure 3. Concentration distribution of labeled and nonlabeled NH*'"' in 
the 150-cm soil profile when 56 kg N/ha.was applied at selected 
site-years (ND - no data; CC - corn after corn; SC - corn after 
soybean) 
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Figure 4. Concentration distribution of labeled and nonlabeled in the 
150-cm soil profile when 112 kg N/ha was applied at selected 
site-years (ND - no data; CC - corn after corn; SC - corn after 
soybean) 
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Figure 5. Concentration distribution of labeled and nonlabeled NHi"*" in the 
150-cm soil profile when 168 kg N/ha was applied at selected 
site-years (ND - no data; CC - corn after corn; SC - corn after 
soybean) 
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Figure 6. Concentration distribution of labeled and nonlabeled in the 
150-cm soil profile when 56, 112, and 168 kg N/ha was applied at 
selected site-years (CC - corn after corn) 
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Table 5. Mean concentration and standard deviation of labeled NO3" at each N rate for all site-years 
combined and for com after com and com after soybean site-years only 
Mean concentration and standard deviation of labeled NO3" for each depth 
Sites® N rate 0-15 cm 15-30 cm 30-60 cm 60-90 cm 90-120 cm 120-150 cm 
CC 
mg N/kg 
All 56 4.3 ± 3.0 1.2 ± 0.8 0.6 ± 0.4 0,4 ± 0.4 0.4 ± 0.3 0.4 ± 0.4 
112 10.4 ± 5.6 2.5 ± 1.8 1.3 ± 0.9 0.7 ± 0.7 0.8 ± 0.6 0.8 ± 0.8 
168 16.5 ± 8.1 3.7 ± 3.0 2.0 ± 1.7 1.0 ± 0.9 1.2 ± 1.2 1.2 1.2 
56 4.4 ± 3.0 1, ,1 ± 0,8 0,6 ± 0,4 0.3 ± 0,3 0,4 ± 0.3 0.4 ± 0.5 
112 10.8 ± 5.7 2, .5 ± 2,3 1,3 ± 0.8 0.6 ± 0,4 0.7 ± 0.6 0.7 ± 0,6 
168 17.3 ± 8,6 3, .6 ± 3,9 1,4 ± 1,0 1.1 ± 0,9 1.1 ± 0.9 1.2 ± 1,1 
SC 56 4,8 ± 3,0 1,1 ± 0.7 0.5 ± 0,3 0,4 ± 0.4 0.4 ± 0.3 0.4 ± 0,4 
112 10,9 ± 4,8 2.2 ± 1.1 1.2 ± 0,8 0.9 ± 0.9 0.8 ± 0.7 1,1 ± 1.1 
168 17,8 ± 7,8 3.5 ± 2.3 2,0 ± 1,9 1.2 ± 1.1 1.5 ± 1.6 1,3 ± 1.5 
Statistical Data: 
All site-years P > F 
N rate 0.0001 0,0001 0.0001 0.0001 0.0001 0.0001 
CC and SC site-years only 
N rate 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 
PC'' 0.7367 0.7746 0.4088 0,3646 0.2216 0.4027 
PC X N rate 0,9757 0,7674 0,0828 0.2988 0.2861 0.4842 
"All - 46 site-years; CC - 18 com after com site-years; SC - 18 com after soybean site-years. 
P^C — Previous crop. 
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Figure 7. Mean concentration distribution of labeled and nonlabeled NO3" in the 150-cm soil profile 
for all site-years when 56, 112, and 168 kg N/ha was applied 
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significant effect on these concentrations. The concentration 
distributions of labeled NO3" with depth in the soil indicate that NO3" 
sometimes moved much deeper than would be expected in absence of 
preferential movement (Fig. 8, 9, 10, and 11). 
Substantial amounts of labeled N were recovered in the KMI (Kjeldahl N 
minus inorganic N) fraction (Fig. 12), which includes N immobilized by soil 
microorganisms, N incorporated into organic matter by chemical reactions of 
or NO2", and N fixed as nonexchangeable NHjj'*' in clay lattices. The 
mean of all site-years indicated that 31.6% (SD - 8.9%) of the N applied 
was recovered in this fraction. Percentage recovery in this fraction 
decreased from 37.4 to 29.3 to 28.1% as rates of N application increased 
from 56 to 112 to 156 kg/ha (Fig. 13). Means summarized in Table 6 show 
that rate of N application influenced the concentration of labeled N 
recovered in the KMI fraction at all depths sampled. Previous crop had no 
significant effect on these concentrations. Concentrations of labeled N in 
the KMI fraction tended to vary among site-years (Fig. 14, 15, 16, and 17). 
The amounts of labeled N incorporated into the KMI fraction within 
individual site-years and layers of soil was undoubtedly influenced by 
amounts of residue decomposing and amounts of soil derived N available 
during this decomposition, but this relationship cannot be quantified by 
using data collected in this study. 
The concentrations of nonlabeled tended to increase with 
increasing rates of N application (Table 7). These increases can be 
explained by effects of previous applications of N (i.e., the rate of N 
applied to each corn-after-corn plot was usually the same the year before 
application of as the year of application) or by mineralization of N 
Figure 8. Concentration distribution of labeled and nonlabeled NO3" in the 
150-cm soil profile when 56 kg N/ha was applied at selected 
site-years (ND - no data; CC - corn after corn; SC - corn after 
soybean) 
i 
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Figure 9. Concentration distribution of labeled and nonlabeled NO3" in the 
150-cm soil profile when 112 kg N/ha was applied at selected 
site-years (ND - no data; CC - corn after com; SC - corn after 
soybean) 
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Figure 10. Concentration distribution of labeled and nonlabeled NO3" in 
the 150-cm soil profile when 168 kg N/ha was applied at 
selected site-years (ND - no data; CC - corn after corn; SC 
corn after soybean) 
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Figure 11. Concentration distribution of labeled and nonlabeled NO3" in 
the 150-cm soil profile when 56, 112, and 168 kg N/ha was 
applied at selected site-years (CC - corn after corn) 
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Figure 12. Mean concentration distribution of fertilizer N as KMI, NO3", and in the 150-cm soil 
profile for all site-years when 56, 112, and 168 kg N/ha was applied 
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Figure 13. Mean recovery by depth of labeled fertilizer as KMI, NO3", and in the 60-cm soil 
profile for all site-years when 56, 112, and 168 kg N/ha was applied 
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Table 6. Mean concentration and standard deviation of labeled KMI at each 
N rate for all site-years combined and for corn after corn and 
corn after soybean site-years only 
Mean concentration and standard deviation of 
labeled KMI for each depth 
Sites® N rate 0-15 cm 15-30 cm 30-60 cm 
All 56 
112 
168 
6.1 ± 
9.7 ± 
14.0 ± 
2 . 6  
4.9 
7.6 
-- mg N/kg -
1.8 ± 1.1 
2 . 6  ±  
3.4 ± 
1.7 
2.1 
1 .0  ±  
1.6 ± 
2.5 ± 
0 . 8  
1.5 
2 . 1  
CC 56 
112 
168 
6.6 ± 3.2 
10.8 ± 5.3 
13.9 ± 4.6 
1.8 ± 0.9 
2.5 ± 1.6 
3.3 ± 2.0 
0.9 ± 0.9 
1.4 ± 1.1 
2.4 ± 2.1 
SC 56 
112 
168 
5.9 ± 1.9 
8.5 ± 4.4 
13.9 ± 8.7 
1 . 6  ±  1 . 0  
2.5 ± 1.8 
3.5 ± 2.0 
0.8 ± 0.7 
1.6 ± 1.3 
2.2 ± 1.7 
Statistical Data: 
All site-years - P > F -
N rate 0.0001 0.0001 0.0001 
CC and SC site-vears only 
N rate 0.0001 0.0001 0.0001 
PC^  0.2654 0.8944 0.8846 
PC X N rate 0.1936 0.5743 0.4838 
®All = 46 site-years; CC - 18 corn after corn site-years; SC - 18 corn 
after soybean site-years. 
P^C - Previous crop. 
Figure 14. Concentration distribution of fertilizer N as KMI, NO3", and 
in the 150-cm soil profile when 56 kg N/ha was applied at 
selected site-years (CO - corn after corn; SC - corn after 
soybean) 
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Figure 15, Concentration distribution of fertilizer N as KMI, NO3", and 
NH4'*' in the 150-cm soil profile when 112 kg N/ha was applied at 
selected site-years (CC — corn after corn; SC — corn after 
soybean) 
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Figure 16, Concentration distributions of fertilizer N as KMI, NO3", and 
NH4'*' in the 150-cm soil profile when 168 kg N/ha was applied at 
selected site-years (CC - corn after corn; SC - corn after 
soybean) 
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Figure 17. Concentration distributions of fertilizer N as KMI, NO3", and 
in the 150-cm soil profile when 56, 112, and 168 kg N/ha 
was applied at selected site-years (CC - corn after corn; SC -
corn after soybean) 
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Table 7. Mean concentration and standard deviation of nonlabeled at each N rate for all site-
years combined and for corn after com and com after soybean site-years only 
Mean concentration and standard deviation of nonlabeled for each depth 
Sites® N rate 0-15 cm 15-30 cm 30-60 cm 60-90 cm 90-120 cm 120-150 cm 
All 56 6.5 ± 2.8 3.8 
112 7.4 ± 3.5 4.1 
168 10.8 ± 7.4 4.3 
CC 56 6.2 ± 2.1 3.8 
112 7.6 ± 3.5 4.0 
168 11.0 ± 8.2 3.9 
SC 56 6.5 ± 2.7 3.6 
112 7.4 ± 3.7 4.1 
168 10.1 ± 6.7 4.3 
mg N/kg 
2.2 ± 1.6 1.7 ± 1.1 1.8 ± 1.0 1.8 ± 1.1 
2.2 ± 1.4 1.9 ± 1.3 2.0 ± 1.3 2.2 ± 1.4 
2.7 ± 1.9 1.9 ± 1.4 2.2 ± 1.7 2.3 ± 1.9 
1.9 ± 1.3 1.7 ± 1.1 1.8 ± 0.9 1.8 ± 1.1 
2.0 ± 1.2 1.7 ± 1.0 1.8 ± 1.2 2.0 ± 1.3 
2.4 ± 1.9 1.7 ± 1.6 2.3 ± 1.7 2.5 ± 2.2 
2 . 0  
2.5 
2 . 8  
1.8 ± 1.3 1.6 ± 1.0 1.8 ± 1.2 2.0 ± 1.2 
2.0 ± 1.5 1.7 ± 1.5 2.0 ± 1.5 2.2 ± 1.5 
2.3 ± 1.6 1.8 ± 1.2 2.2 ± 1.5 2.4 ± 1.9 
Statistical Data: 
All site-years P > F 
N rate 0.0001 0.1113 0.0010 0.2805 0.0007 0.0130 
CC and SC site-vears only 
N rate 0.0001 0.1120 0.0002 0.5105 0.0013 0.0820 
PC^  0.6715 0.7459 0.6909 0.8854 0.9826 0.6366 
PC X N rate 0.7485 0.5192 0.9174 0.7405 0.5085 0.7433 
"All — 46 site-years; CC — 18 com after com site-years; SC — 18 com after soybean site-years. 
P^C — Previous crop. 
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induced by addition of the labeled fertilizer. Evidence for the latter 
mechanism is provided by the finding of substantial amounts of labeled N in 
the KMI fraction. Green and Blackmer (1991) conducted parallel laboratory 
studies demonstrating that the addition of labeled N during the 
decomposition of plant residues results in an immobilization of labeled N 
and enhanced mineralization of nonlabeled N. In effect, sequential 
immobilization of labeled N and release of nonlabeled N resulted in 
turnover of N between the organic and inorganic N pools. Previous crop had 
no significant effect on concentrations of nonlabeled (Table 7) . It 
is noteworthy, however, that concentrations of nonlabeled were much 
higher than concentrations of labeled at all depths and fertilization 
rates. 
The concentrations of nonlabeled NO3" tended to increase with 
increasing rates of N application (Table 8). These increases also can be 
explained by effects of previous applications of N or by mineralization of 
N induced by addition of the labeled fertilizer, and evidence for the 
latter mechanism is provided by the finding of substantial amounts of 
labeled N in the KMI fraction. Evidence for the latter mechanism is also 
provided by analyses showing that additions of labeled N increased 
concentrations of nonlabeled N in trials where was applied the first 
year of the study (when rates of N application in the previous year were 
constant across all plots within a trial). At the lowest rate of N 
fertilization, nonlabeled NO3" concentrations were significantly higher in 
corn after soybean than in corn after corn. This is consistent with the 
tendency for corn after soybean to yield more than corn after corn when 
fertilizer N is applied at rates below those needed to attain maximum 
Table 8. Mean concentration and standard deviation of nonlabeled NO3" at each N rate for all site 
years combined and for com after corn and com after soybean site-years only 
Mean concentration and standard deviation of nonlabeled NO3" for each depth 
Sites* N rate 0-15 cm 15-30 cm 30-60 cm 60-90 cm 90-120 cm 120-150 cm 
mg N/kg 
56 18.8 ± 8.2 9.7 ± 3.3 6 .0 ± 2.3 3.8 ± 1. 8 3.9 ± 2.0 3.9 ± 2.4 
112 23.0 ± 8.3 10.9 ± 4.2 7 .2 ± 3.3 4.7 ± 2. 3 4.5 ± 2,2 4.4 ± 2.5 
168 27.5 ± 10.4 12.2 ± 4.8 8 .1 ± 3.5 5.3 ± 2. 3 5.5 ± 2.7 5.5 ± 3.2 
CC 56 18.1 ± 6.8 9.6 ± 3.3 5.6 ± 2.5 3.4 ± 1.5 3.7 ± 2.1 3.8 ± 2.2 
112 23.2 ± 7.1 11.1 ± 5.3 7.5 ± 4.1 4.7 ± 2.6 4.2 ± 1.5 4.4 ± 2.2 
168 28.9 ± 8.9 12.9 ± 6.4 8.5 ± 4.2 5.9 ± 2.3 5.8 ± 2.3 6.2 ± 3.5 
SC 56 22.9 ± 8.1 10.9 ± 3.0 6.7 ± 2.2 4.5 ± 2.0 4.2 ± 2.1 4.5 ± 2.9 
112 26.0 ± 7.3 12.0 ± 3.0 7.6 ± 2.7 4.8 ± 2.2 5.0 ± 2.8 4.7 ± 3.0 
168 30.4 ± 10.5 12.8 ± 2.7 8.1 ± 3.1 5.3 ± 2.3 5.7 ± 3.1 5.7 ± 3.4 
Statistical Data: 
All site-years 
N rate 0.0001 0.0001 
P > F 
0.0001 0.0001 0.0001 0.0001 
CG and SC site-vears only 
N rate 0.0001 
PC^  0.0793 
PC X N rate 0.1147 
0.0001 
0.4520 
0.2859 
0.0001 
0.7156 
0.0715 
0.0001 
0.7024 
0.0024 
0.0001 
0.4780 
0.2625 
0.0001 
0.7466 
0.2275 
"All — 46 site-years; CC — 18 corn after com site-years; SC — 18 com after soybean site-years. 
P^C - Previous crop. 
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yields. Because previous corn crops received N fertilizer and previous 
soybean crops did not, carryover of fertilizer N would tend to mask the 
effect of previous crop and thereby explain the lack of effect of previous 
crop at higher rates of N application. 
Recovery of labeled N in all fractions and all depths ranged from 47.2 
to 122.2% for individual site-years and averaged 74.1% (SD - 16.6%) of that 
applied. Mean recoveries of labeled N were 74.8, 72.5, and, 74.9% when 56, 
112, and 168 kg N/ha of fertilizer was applied, and previous crop had no 
effect on percentage recovery. There was no significant relationship 
between rainfall and these recoveries. This lack of relationship cannot be 
attributed to lack of differences in amounts of rainfall because rainfall 
between time of fertilizer application and time of sampling ranged from 28 
to 250 mm (Table 2); it must be attributed to a complex effect of rainfall 
on recovery of N. If it were assumed that preferential movement of N was 
important, for example, consideration of the factors involved would 
indicate that the effects of rainfall would be largely determined by a 
complex interaction of (i) when the rainfall occurred relative to the time 
of fertilizer application, (ii) the soil moisture content immediately 
before the rainfall, (iii) the intensity of the rainfall event, (iv) the 
degree to which the fertilizer was mixed into the surface layer of soil, 
and (v) many other factors. Accordingly, attempts to relate recovery of 
labeled N to rainfall at individual site-years would require use of complex 
models and data not collected; therefore, it is beyond the scope of this 
report. 
There was a negative correlation (r - -0.40; P < 0.04) between 
percentage recovery of labeled N as NO3' in the surface 15-cm layer of soil 
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and amounts of rainfall that occurred between time of application and time 
of sampling, but there was a positive correlation (r - 0.73; P < 0.0001) 
between percentage recovery of labeled N as NO3" in the surface 1,5- to 30-
cm layer of soil and amounts of rainfall. These relationships evidence a 
tendency for rainfall to move NO3" out of the 0- to 15-cm layer of soil and 
into the 15- to 30-cm layer. However, correlations between rainfall and 
recoveries of labeled NO3" in the 30- to 60-cm and 60- to 90-cm layers were 
not significant, and correlations between amounts of rainfall and 
concentrations of NO3" in the 90- to 120-cm (r - -0.39; P < 0.05) and the 
120- to 150-cm (r - -0.48; P < 0.02) were significant and negative. These 
observations support the idea that simple relationships between rainfall 
and NO3" distributions should not be expected. 
The correlation coefficient (r value) was 0.82 for the relationship 
between amounts of total NO3" (labeled + nonlabeled) in the surface 0- to 
15-cm layer of soil and amounts of total NO3" in 0- to 150-cm layer of 
soil, 0.87 between the 0- to 30-cm layer and the 0- to 150-cm layer, and 
0.91 between the 0- to 60-cm layer and the 0- to 150-cm layer. These 
correlations help explain why the late-spring soil test (discussed in part 
I of this dissertation) is a useful tool for predicting the quantity of 
available N in the rooting zone of corn; the amount of NO3" in the surface 
30-cm layer of soil is a good index of the amount in the rooting zone. 
They also support the conclusion that sampling deeper than 30 cm for the 
late-spring test is not necessary and usually not cost effective. Figure 
18 shows the relationships between amounts of NO3" in various surface 
layers and the amounts of NO3" in the 0- to 150-cm layer. These 
relationships can be used to predict the amounts of NO3" present in a 150-
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Figure 18. Relationship between amounts of NO3" in the surface 150-cm layer of soil and amounts of 
NO3" in the surface 15-, 30-, and 60-cm layers. Means of each N rate at each site-year. 
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cm soil profile based on the amounts present in the 0- to 30-cm layer, 
which is the depth used for the late-spring soil test. 
I 
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GENERAL SUMMARY 
The studies reported in this dissertation were designed to provide 
more information on recently developed soil and tissue tests and to 
evaluate the potential of other tests. This dissertation includes studies 
that employed "N-labeled fertilizer for characterizing the distributions 
of fertilizer- and soil-derived N within the soil profile in late spring. 
The objectives of the work reported here were (i) to provide correlations 
for the late-spring soil test when soil samples are taken to 30 cm and 60 
cm, (ii) to evaluate a tissue test based on concentrations of total N in 
whole-young corn plants, (iii) to evaluate the end-of-season cornstalk test 
under extreme weather conditions, (iv) to develop a visual rating system 
for evaluating the N status of corn during reproductive growth, and (v) to 
characterize the late-spring distributions of fertilizer- and soil-derived 
N in Iowa cornfields. 
Part I reports additional correlations for the late-spring soil test 
and evaluates the benefits of sampling to 60 cm instead of to 30 cm only. 
The study involved 45 site-years (1346 plot-years) of data collected in 
1987, 1988, and 1989 in Iowa, Weather conditions were dryer than normal, 
with a severe drought occurring in 1988. Each site-year included seven to 
10 rates of N applied before planting. Samples representing the surface 0-
to 30-cm and the 30- to 60-cm layers of soils were collected when corn 
plants Were 15 to 30 cm tall. Nitrate concentrations in these soil layers 
were correlated with grain yields. The deeper sampling slightly improved 
the correlations between grain yields and soil NO3" concentrations, but the 
advantage was probably not great enough to justify the costs of the deeper 
sampling. The critical concentration of NO3" was 23 to 26 mg N/kg in the 
i 
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surface 30-cm layer of soil and 16 to 19 mg N/kg in the surface 60-cm layer 
of soil. Overall, the results support the idea that a soil test based on 
concentrations of NO3" in the surface 30-cm layer of soil when corn plants 
are 15 to 30 cm tall has great promise for improving N management during 
corn production. 
Part II involved evaluation of total N concentrations of whole corn 
plants in late spring as an indicator of N availability in cornfields. 
Studies were conducted at 14 site-years in Iowa during 1986, 1987, 1988, 
and 1989. Whole plant samples were taken when corn was 15 to 30 cm tall. 
Total-N concentrations in these plants were determined. Relationships 
between concentrations of N in young plants and fertilizer N applied were 
not consistent across the 14 site-years. The concentrations of N in young 
plants were poor predictors of soil NO3" concentrations in situations where 
good relationships between soil NO3" concentrations and grain yields 
occurred. The tissue test could not detect excessive amounts of NO3" in 
soils. Concentrations of N in young plants were greatly influenced by 
factors having relatively little effect on final yields. Overall, the 
results show that a tissue test based on the concentrations of N in young 
plants would not be a reliable indicator of the N availability in 
cornfields. 
Part III evaluated the performance of the end-of-season cornstalk test 
under conditions that are relatively wet and dry for Iowa and explored the 
possibility of using a narrower optimum range of stalk NO3" concentrations. 
The results showed that weather conditions had little effect on 
concentrations of NO3" identified as being optimal. However, calculations 
showed that optimal concentrations of NO3" in stalks were influenced by 
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prices of corn and fertilizer. An optimal range of 0.7 to 2.0 g NOg'-N/kg 
seems appropriate for prices that have prevailed in the Corn Belt during 
the past decade. Overall, the results support previous observations that 
this tissue test has great potential for evaluating the N status of corn 
where optimal-to-excessive amounts of N are present. 
Part IV describes a visual rating system based on N-related firing of 
lower leaves in corn. The objective was to determine if firing can be used 
to quantify N status in corn. Nitrogen response studies were conducted at 
numerous locations in Iowa. Visual ratings, based on the number of green 
leaves below the ear, were performed at various times during the 
reproductive stages of corn. These ratings were correlated to final grain 
yields and the leaf ratings were compared to the standard leaf N analysis 
that has been used to quantify N status in corn. Good correlations were 
observed between grain yields and leaf ratings when the leaf ratings were 
adjusted to corn plants having adequate N under otherwise similar 
conditions. Visual rating, like leaf N analysis, lacks the ability to 
detect excesses of N, however, the visual rating system has the obvious 
advantages of requiring less time, equipment, and expense. 
Part V characterizes the late-spring distributions of soil- and 
fertilizer-derived N in soils of cornfields. This study involved 
applications of labeled (NH^ )2S04 fertilizers to corn in early spring. 
In late spring, soil samples were taken to 150 cm in six depth increments. 
Results showed that the largest portion of the fertilizer in late spring 
was usually in the 0- to 15-cm layer of soil. Concentrations of soil-
derived NO3" tended to increase with increasing rate of fertilizer N 
applied. Concentrations of soil-derived NO3" tended to be higher in corn 
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after soybean than in corn after corn at the lower rates of fertilization. 
When averaged across all site-years, approximately 30 percent of the 
fertilizer applied in early spring had converted into an organic-N or fixed 
fraction by late spring, and approximately 25 percent of the 
fertilizer that was applied in early spring could not be accounted for 
within the 150-cm profile in late spring. Distributions of NO3" showed 
that the fertilizer NO3" tended to move downward with marked dispersion and 
that amounts of NO3" in the surface 30-cm layer were proportional to 
amounts in the 150-cm layer. Overall, these results illustrate why the 
late-spring soil test is a good indicator of N availability in cornfields. 
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